
Bone is normally resistant to infection, but trauma, bacteremia, surgery, or foreign bodies may disrupt and lead to the onset of osteomyelitis. It is a difficult-to-treat condition characterized by progressive inflammatory destruction and new apposition of bone. 
It is most commonly caused by pyogenic bacteria and mycobacteria. Its manifestations are heterogeneous, depending on the age of the patient, specific causative microorganism, anatomic area of involvement, segment of affected bone, route of contamination, systemic and local host factors, as well as the presence of underlying comorbidities. One of the greatest challenges of osteomyelitis is to make an opportune diagnosis to provide adequate treatment. 
Bone infections show a bimodal age distribution, occurring most commonly in people younger than 20 or older than 50 years of age. 
CLASSIFICATION SYSTEMS
There are different classification systems to categorize osteomyelitis. Historically, it has been labeled as acute, subacute, or chronic depending on its clinical course, histologic findings, and disease duration, but there is no consensual agreement on the temporal scale used or specific findings. As a result, some researchers have proposed more detailed classification systems for osteomyelitis. 
Waldvogel et al proposed a staging system based on the infection’s pathogenesis, dividing the disease into three separate groups: hematogenous, secondary to a contiguous focus of infection, and associated with vascular insufficiency.
TERMINOLOGY
Descriptive terms have been applied to certain radiographic and pathologic characteristics that are encountered during the course of osteomyelitis. 
Infective osteitis indicates contamination of the bony cortex. 
Infective periostitis implies contamination of the periosteal cloak that surrounds the bone. 
A sequestrum represents a segment of necrotic bone that is separated from living bone by granulation tissue. 
 



An involucrum denotes a layer of living bone that has formed about dead bone; it can become perforated by tracts.
An opening in the involucrum is termed cloaca. 



Tracts reaching the skin surface from the bone are termed sinuses, although they ometimes are described as fistulae. 
A bone abscess (Brodie’s abscess) is a sharply delineated focus of infection. It is lined by granulation tissue and frequently is srrounded by eburnated bone.





(A), Normal (healthy) bone; (B), New bone (callus or periosteal reaction),(C)   involucrum, (D) cloaca ; (E), sequestrum.
DIAGNOSIS
Early diagnosis of acute osteomyelitis is critical because prompt antibiotic therapy may prevent necrosis of bone.
Osteomyelitis is primarily a clinical diagnosis, although the clinical picture may be confusing. An inadequate or late diagnosis significantly diminishes the cure rate and increases the degree of complications and morbidity; for these reasons, imaging modalities are essential to confirm the presumed clinical diagnosis and to provide information regarding the exact site and extent of the infectious process. Imaging information can be extremely helpful to the clinician planning medical or surgical treatment.
IMAGING TECHNIQUES
Several imaging modalities have been used in the evaluation of suspected osteomyelitis, but no one can definitively confirm the presence or absence of infection. Cross-sectional imaging modalities such as computed tomography (CT) scanning and magnetic resonance imaging (MRI) are now considered standard in the diagnosis of osteomyelitis. 
Nuclear medicine techniques, although highly sensitive, are sometimes nonspecific. Confirmation of the presence of osteomyelitis usually entails a combination of imaging techniques. The main features of osteomyelitis on individual imaging techniques are summarized in the next table.
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CONVENTIONAL RADIOGRAPHY
The evaluation usually begins with plain radiographs in all patients suspected of having osteomyelitis; plain radiographs may suggest the correct diagnosis, exclude other diagnostic possibilities, or provide clues for underlying pathologic conditions. Plain radiographs initially show soft tissue changes, muscle swelling, and blurring of the soft tissue planes. In pyogenic infections, the first change in bone indicates that the infectious process has been present for 2 to 3 weeks or more. 
In general, osteomyelitis must extend at least 1 cm and compromise 30 to 50% of bone mineral content to produce noticeable changes in plain radiographs. 
Early findings may be subtle, and changes may not be obvious until 5 to 7 days in children and 10 to 14 days in adults. 
Typical early bony changes include: periosteal thickening, lytic lesions, endosteal scalloping, osteopenia, loss of trabecular architecture, and new bone apposition. 
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The specificity of plain radiographs for the detection of osteomyelitis is higher than its sensitivity, and because of this, use of alternative imaging methods such as scintigraphic modalities and MRI has been prompted. 
Single or multiple radiolucent abscesses can be evident during subacute or chronic stages of osteomyelitis. These abscesses now are defined as circumscribed lesions showing predilection for (but not confinement to) the extremes of tubular bones; they are characteristically found in subacute pyogenic osteomyelitis, usually of staphylococcal origin. Brodie’s abscesses are especially common in children, more typically boys. In this age group, they appear in the metaphyses, particularly that of the distal or proximal portions of the tibia.
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The distinguishing feature of chronic osteomyelitis is necrotic bone, which is formed in an average of 10 days; nevertheless plain radiographs are unable to detect sequestra or sclerotic bone for many weeks.
Periostitis, involucrum formation, and sinus tracts are due to subperiosteal abscess with lifting of the periosteum, new bone formation, and soft tissue fistulas. All of these findings are indicative of the protracted nature of the infection process. 
SINOGRAPHY
Opacification of a sinus tract can produce important information that influences the choice of therapy. In this technique, a small flexible catheter is placed within a cutaneous opening. Retrograde injection of contrast material defines the course and extent of the sinus tract and its possible communications with neighboring structures.
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Sinography may be combined with CT for better delineation of the sinus tracts.  nesxt figure  shows sinography in a patient with chronic osteomyelitis.
COMPUTED TOMOGRAPHY
CT provides excellent multiplanar reconstructions of the axial images allowing delineation of even the most subtle osseous changes. In chronic osteomyelitis, CT demonstrates abnormal thickening of the affected cortical bone, with sclerotic changes, encroachment of the medullary cavity, and chronic draining sinus. Although CT may show these changes earlier than do plain radiographs, CT is less desirable than MRI because of decreased soft tissue contrast as well as exposure to ionizing radiation.
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The major role of this technique in osteomyelitis is the detection of sequestra in cases of chronic osteomyelitis, as these pieces of necrotic bone can be masked by the surrounding osseous abnormalities on conventional radiography. The presence of pieces of sequestered bone suggests activity of the infectious process, and their detection is helpful to guide the therapeutic options. 
CT is superior to MRI for the detection of sequestra, cloacas, involucra, or intraosseous gas and can help in the guidance of needle biopsies and joint aspiration; furthermore, it is also valuable in cases of vertebral osteomyelitis.
It is important to mention that when metal is present in or near the area of osteomyelitis, there is substantial loss of image resolution17 due to a beamhardening artifact.
ULTRASOUND
Ultrasound (US) has multiple advantages: it is readily accessible, can be performed quickly without delay and with minimal discomfort to the patient, it is useful in regions that are complicated by orthopedic instrumentation and therefore might not be well seen with MRI or CT, is useful in patients in who MRI is contraindicated, has a lower cost, does not use ionizing radiation, and offers real time imaging. For these reasons, US is a useful tool particularly helpful in differentiating acute or chronic infections from tumors or non infective conditions. It is also able to localize the site and extent of infection, identify precipitating factors such as foreign bodies or fistulae, and provides guidance for diagnostic or therapeutic aspiration or biopsy. US can detect features of osteomyelitis several days earlier than can conventional radiographs (predominately in children). 
Acute osteomyelitis is recognized by elevation of the periosteum by a hypoechoic layer of purulent material. 
In chronic osteomyelitis, US can also be used to assess involvement of the adjacent soft tissues. Soft tissue abscesses related to chronic osteomyelitis are identified as hypoechoic or anechoic fluid collections, which may extend around the bony contours. Finally, cortical erosions can become apparent on US.
In pediatric patients, US is able to identify joint effusion or subperiosteal fluid associated with septic arthritis or osteomyelitis even before any apparent findings on plain radiographs and does not require sedation of small children. Power Doppler sonography is useful to highlight hyperemia around the periosteum and surrounding soft tissue abscesses.
MAGNETIC RESONANCE IMAGING
MRI allows early detection of osteomyelitis and assessment of the extent of involvement and the activity of the disease in cases of chronic bone infection. It is considered the most useful imaging technique to evaluate suspected osteomyelitis because of its ability to demonstrate changes in the water content of bone marrow with an excellent structural definition and spatial resolution. 
MRI is highly sensitive for detecting osteomyelitis as early as 3 to 5 days after the onset of infection. MRI advantages go far beyond diagnosis only, helping the surgeon to plan the optimal surgical management and to assess the extent of devitalized tissue, which contributes to the definition of the critical adjacent structures involved thatwould require modified management to avoid morbidity and complications. Metallic implants, however, may produce local artifacts that decrease image quality. The MRI findings are different depending on the pulse sequences used (T1-weighted or T2-weighted) and on the disease stage. Initial MRI screening usually includes T1-weighted and T2-weighted spin-echo pulse sequences. The combination of short-tau inversion-recovery (STIR) and T1 spin echo sequences shows a high sensitivity and specificity for the detection of osteomyelitis, thus obviating the need for any additional examinations. 
The earliest finding of acute osteomyelitis on MRI is an alteration of the normal marrow signal intensity, which can be appreciated as early as 1 to 2 days after the onset of infection; the edema and exudates within the medullary space produce an ill-defined low-signal intensity on the T1-weighted images and a high signal on T2-weighted and STIR or fat-suppressed sequences. 
On MRI, a sequestrum is seen as a low signal intensity structure on T1-weighted and STIR sequences, whereas the surrounding granulation tissue is intermediate to low signal intensity on T1-weighted images and high signal intensity with STIR or T2-weighted sequences.
With use of intravenous contrast (gadolinium), the granulation tissue is enhanced, whereas the sequestrum remains low signal intensity. The ossified periosteal shell and the dead tubular cortical bone of an involucrum have low signal intensity on all pulse sequences; periosteal reaction and cortical bone are separated by linear intermediate to high signal intensity on T2-weighted or STIR images. 
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A cloaca is perceived by a linear low signal intensity periosteum that is elevated from the cortical bone or the thickened cortex that is interrupted by a high signal intensity gap on T2-weighted images. This high signal intensity can be seen extending into the soft tissues from the cloaca and may form a sinus tract or abscess. Demonstration of increased signal intensity of the bone marrow on T2-weighted images may represent postsurgical or postinfectious granulation tissue and not necessarily persistent infection. However, serial MR studies showing progression of this process in the marrow indicates the presence of active osteomyelitis. 
Disadvantages of MRI are its occasional inability to distinguish infectious from reactive inflammation and its difficulty imaging sites with metallic implants, such as joint prostheses or fixation devices.  
NUCLEAR MEDICINE IMAGING
Nuclear medicine imaging can detect osteomyelitis 10 to 14 days before changes are visible on plain radiographs. Several agents have been studied, including technetium- 99m–labeled methylene diphosphonate (99mTc-MDP), gallium-67 citrate, and indium-111–labeled white blood cells. 
These are highly sensitive but have the inconvenience of low specificity. Consequently, it is difficult to differentiate osteomyelitis from other conditions such as crystal arthropathies, arthritis, fractures, neoplasia, or cellulites. 
Nuclear medicine scans may be a useful adjunctive study when x-rays are altered by pathologic or postsurgical changes.
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Acute osteomyelitis The first x-ray, 2 days after symptoms began, is
normal .

metaphysealmottling and periosteal changes were not obvious until the
second film, taken 14 days later.

eventually much of the shaft was involved.
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