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The purpose of the lesson:
1. To introduce modern concepts of etiology and pathogenesis of odontogenic and other forms of acute osteomyelitis of the jaws. 

2. To analyze and illustrate existing theories of its origin and evaluation of peculiarities of its course depending on localization. 

3. To analyze main principles of diagnostics, methods of treatment, mechanisms of complication development arid their prevention.  
The plan of the lesson:
1. Definition and analysis of contemporary theories of etiopathogenesis of acute osteomyelitis.

2. Statistics and classification of osteomyelitis of the jaws.

3. Clinical, morphological and laboratory characteristics of acute osteomyelitis.

4. Main principles of diagnostics and’ treatment of acute, odontogenic osteomyelitis.

5. Possible complications, their prevention and treatment.

The term osteomyelitis was introduced by an English scientist Norard in 1834, later in 1879 a French scientist Lannelongue at the International Congress of Surgeons suggested that all types of inflammation of bone be defined as osteomyelitis. In spite of the fact that according to the contemporary views, the process is defined as lesion of all structures of the bone, ostitis, panostitis, the term osteomyelitis still persists, for the basis of the disease is predominantly lesion of the bone marrow.

Now any osteomyelitis is regarded primarily as infectious purulent and necrotic inflammatory process of the osseous tissue, developing under various aggressive biological, chemical, and physical factors with underlying preliminary sensibilization, bone necrosis being implied from the very beginning (V.M. Bezrukov et ai., N.A. Gruzdev). This definition is confirmed by the results of morphologic investigations of A.S. Grigorjan, pointing out that “foci of purulent infiltration of the bone marrow, thrombosis, and purulent liquefaction of clots, hemorrhage, osteo-myelonecrosis are typical for acute osteomyelitis and are not found in periodontitis and periostitis”.

Concerning the etiology of the process there is no split-up.

Microflora of the infection foci of the oral cavity has been and is permanently being studied due to its variability. At the same time views on the pathogenesis are still developing, despite more than 100 years of its study. If the evolution of the ideas from A. A. Bobrov (1889) and Lexer (1894) embolic theory of terminal blood vessels to the contemporary views based on the research of M. Artjus, G.P. Sakharov, S.M. Derizhanov, G.A. Vasil’ev, Ya.M. Snezhko, M. Devjatakov, G.I. Semenchenko, V.O. Luk’janenko, M.M. Solovjev, A.S. Grigorjan etc is to be traced, the following conclusion can be drawn. For the development of osteomyelitis the principal triad is necessary: 1. present microbe agent; 2. certain level of organism sensibilization causing dysfunction of the immune system and organism responsiveness; 3. initiating endo- or exogenic factor which can be of any nature. 

Surely, any of the above conditions has a number of factors, determining severity, lesion extension, course of osteomyelitis in each particular case.

According to the cause, osteomyelitis of the jaws is classified as follows:

1. odontogenic - up to 90% all observed cases;

2. traumatic — 7-8% (gunshot wounds included);

3. specific — 0.9-1.5%;

4. radial (radionecrosis)-0.3-0.5%.

Thus, in the clinic of oral and maxillofacial surgery dominates osteogenic acute osteomyelitis, predominant in male at the age of 18-40.

Professor P.P. L’vov in the 1930s wrote that “teeth, and correlation of teeth and jaws make a process specific”. Moreover, anatomical and physiological features and functions of the jaws, determining characteristics of osteomyelitis development also matter. Thus, mandible molars, most commonly affected by caries, as sources of osteomyelitis account for up to 50%, whereas analogous maxillary molars - up to 15%. Impacted third molars and their complications cause osteomyelitis respectively in 17% and 3% cases.

According to the type of development, acute, subacute and chronic stages are determined. As far as subacute stage is concerned, professor V.I. Luk’janenko regards this category as being mainly theoretical, because it is impossible to specify it clinically. To regard it as a stage of exacerbation of chronic osteomyelitis seems more reasonable.

As long as the extent of the lesion and the nature of purulent and destructive process can differ, restricted or diffuse lesion of the jaws is pointed out; some authors also propose focal form.

Clinical manifestations of osteomyelitis vary greatly and depend upon numerous internal (state of response, age, sex, underlying disorders) and external (type of microflora, medical and geographical conditions, nutrition, season etc) causes.

If while analyzing the previous kinds of acute purulent inflammation more attention was paid to their local manifestations, acute odontogenic osteomyelitis gives rise to pronounced symptoms of systemic intoxication of diversified nature. Considerable changes of blood count up to present toxic forms of leucocytes and anemia are found; the general level of proteins in the blood..is decreased; toxic products and proteins are found in the urine. Heart and liver activities suffer.

Local changes quickly increasing with the development of the disease are common. The patient usually complains of a sharp pain in the tooth (then the pain subsides in the affected tooth but spreads to the adjacent teeth with irradiation along the jaw), tooth mobility, foul smell from the mouth. The complaints combined with the symptoms of systemic intoxication give evidence of developing acute osteomyelitis. While the process progresses, tender swelling of soft tissues in the focal area increases, opening the mouth becomes difficult The dense, painful infiltrate, unlike periostitis, enclosing the jaw body like a coupling is objectively observed. From 2 to 4 teeth respond to percussion, which sometimes hinders detecting an. affected tooth. The mucosa is hyperemic, edematic, interdental areas and dentogingival sockets discharge pus. Because purulo-necrotic process ideveloping in the bone spreads under the periosteum, liquefies it and permeates to the soft tissues surrounding the jaws, infiltrates of various localization and extent with further transformation to abscesses and phlegmons are formed in the areas. The process involves lymphoid apparatus which may well result in development of purulent lymphadenitis and adenophlegmens.

Intensity degree of these signs and symptoms depends to a large extent on the type of inflammation development (r.ormergic, hyper- and hypergic), and also on localization and extent of the lesion and the terms of the disease. If the elements of the vascular bundle (fascicle) of the mandibular canal are involved, the respective half of the lower lip becomes numb (unfavorable Vincent's symptom). An interesting observation was made by professor P.P. L’vov in 1929, “In adults the course of osteomyelitis is the more violent and acute the healthier and stronger is the organism”. This statement can now be explained with predominant hyperergic reaction.

Diagnostics of acute odontogenic osteomyelitis is based, as a rule, on evaluating the data of the anamnesis, clinical signs of the disease, and additional methods of investigation. They are greatly increased leukocyte number with shift of the blood count to the left, elevated ESR, altered protein level, increased leukocytic index of intoxication, changes in number and correlation of immunocompetent cells etc. These changes are not specific, but the level of the changes can indicate the degree of the process intensity.

Radiographic signs of the process in the bone in the acute stage are not pronounced, this investigation can only help in complicated cases to discover the affected tooth.

Despite a sufficiently typical picture of acute osteomyelitis, mistakes in its diagnostics are quite frequent, this fact is due to diversity and change of clinical picture with a number of underlying disorders and in elderly people. That is why the diagnostics must base on integral analysis of all discovered changes, because correct and timely diagnosis determines the foundation, choice of treatment, management and outcome.

The purpose of treating acute odontogenic osteomyelitis consists in solution of the two main problems.

Elimination of local purulo-necrotic processes by exposure and drainage of foci.

Decrease of the intoxication degree with further normalization of all affected functions of vital systems and organs.

To fulfill the first task a prompt surgery* is needed, which consists in exposure and drainage of the purulent foci in the soft tissu&s with obligatory exposure of the affected bone. This is almost always achieved, because periosteum is liquefied by this moment. Incisions are made according to topographic and anatomical features of the region using modern possibilities to drain the wound. To improve drainage of the affected bone, especially in diffuse forms of osteomyelitis, some authors advocate osteoperforation with further intraosteal lavage. 

One of the main components of surgical stage of treating acute odontogenic osteomyelitis is extraction of the causative tooth. It is exactly the situation when the phrase “tooth extraction due to vital indications” proves true. Besides providing the drainage, especially on thé upper jaw, this permits to eliminate the source and cause of osteomyelitis, which is possible only when treating odontogenic osteomyelitis. Treatment of purulent wounds is performed according to the general surgical standards and is directed to the fastest purification of the wound and creation of conditions for its regeneration. This is promoted with blockade using antibiotics, enzyme therapy, sorbentotherapy, physiotherapy etc.

To fulfill the second task adequate medication and physiotherapy are to be provided consisting of the complex measures including antibacterial therapy with obligatory investigation of the microflora sensitivity; immunomodulation, hyposensibilization, désintoxication therapy with appropriate drugs and dosage. Infusion methods of administering medication are preferred.
The diagnosis being correct and the treatment adequate, in 8-12 days complete wound purification, filling it up with granulations, strengthening of teeth of the lesion focus, arresting of systemic toxic syndrome are observed.

Depending on the extent of the bone lesion, either complete healing due to insignificance of the foci of necrosis in the osseous tissue and impaired vascular nourishment or transformation of the disease into chronic form are possible.
Prognosis is difficult, for radiographic signs of the bone lesion appear in 12-15 days after the onset of the disease, whereas irreversible necrotic processes in the bone occur in the first 3-4 days (N.A. Gruzdev).
The main complication of acute purulent odontogenic osteomyelitis is purulent processes in perignathic soft tissues (phlegmons and abscesses) of various localization. Their clinic, diagnostics and treatment are. the subject of the next lectures.

Among other complications, development of acute sepsis, toxic lesions of the kidneys, liver, and heart, metastatic purulent foci in remote regions (the brain, mediastinum), postoperative scars can be mentioned.
The main prophylactic methods are modern diagnostics, adequate surgery, medication and physiotherapy.
Osteomyelitis
Osteomyelitis is defined as an inflammation of the bone marrow with a tendency to progression. This is what differentiates it in the jaw from the ubiquitous dentoalveolar abscess, “dry socket” and “osteitis,” seen in infected fractures. It involves adjacent cortical plates and often periosteal tissues. In the preantibiotics era, osteomyelitis of the mandible was not uncommon.With the advent of antibiotics, it became a rare disease. In recent years antimicrobials have become less effective and there has been a re-emergence of the disease, presenting major diagnostic and therapeutic challenges for practicing surgeons. Despite modern therapy it can still remain a major source of morbidity to the patient, requiring multiple surgeries and resulting in prolonged treatment with loss of teeth and/or jawbone. The incidence of osteomyelitis is much higher in the mandible due to the dense poorly vascularized cortical plates and the blood supply primarily from the inferior alveolar neurovascular bundle. It is much less common in the maxilla due to the excellent blood supply from multiple nutrient feeder vessels. In addition the maxillary bone is much less dense than the mandible. Diminished host defenses, both local and systemic, can contribute significantly to the emergence and clinical course of the disease. Osteomyelitis has been associated with multiple systemic diseases including diabetes, autoimmune states, malignancies, malnutrition, and acquired immunodeficiency syndrome.1 The medications linked to osteomyelitis are steroids, chemotherapeutic agents, and bisphosphonates. 1–3 Local conditions that adversely affect the blood supply can also predispose the host to a bony infection. Radiation therapy, osteopetrosis, and bone pathology can alter the blood supply to the area and provide a potential foothold for osteomyelitis to set in (Figure 17-1).
Pathogenesis
In the maxillofacial region, osteomyelitis primarily occurs as a result of contiguous spread of odontogenic infections or as a result of trauma. Primary hematogenous osteomyelitis is rare in the maxillofacial region, generally occurring in the very young. The adult process is initiated by an inoculation of bacteria into the jawbones. This can occur with the extraction of teeth, root canal therapy, or fractures of the maxilla or mandible. This initial insult results in a bacteria-induced inflammatory process or cascade. In the normal healthy host, this process is self-limiting and is a component of healing. Occasionally, however, in the

normal host, and certainly in the compromised host, there is the potential for this process to progress to the point where it is considered pathologic. With inflammation there is hyperemia and increased blood flow to the affected area. Additional leukocytes are recruited to this area to fight off infection. Pus is formed when there is an overwhelming supply of bacteria and cellular debris that cannot be eliminated by the body’s natural defense mechanisms. When the pus and subsequent inflammatory response occur in the bone marrow, an elevatedintramedullary pressure is created which further decreases the blood supply to this region. The pus can travel via haversian and Volkmann’s canals to spread throughout the medullary and cortical bones. Once the pus has perforated the cortical bone and collects under the periosteum, the periosteal blood supply is compromised and this further aggravates the local condition. The end point occurs when the pus exits the soft tissues either by intraoral or extraoral fistulas. 
Microbiology
More than 500 bacterial taxa have been identified in the mouth.4–6 The mouth and the anus are opposing ends of the same alimentary tube, and many clinicians consider them to be the most highly contaminated areas of the humanbody. In the past, staphylococcal species were considered the major pathogen in osteomyelitis of the jaws. However, with refinements in the collection and processing of microbiologic specimens, we are able to get a true picture of the disease-causing organisms. As with most oral infections the prime pathogenic species are streptococci and anaerobic bacteria. The anaerobes responsible are generally bacteroides or peptostreptococci species. Often, the infections are mixed, growing several pathogens on final culture.

The clinician must begin empiric antibiotic treatment based on the most likely pathogens. This could include penicillin and metronidazole as dual-drug therapy or clindamycin as a single-drug treatment. Definitive antimicrobial therapyshould be based on the final culture and sensitivities for optimal medical management results.
Classification
Over the years many ways of classifying osteomyelitis have been presented. A rather complex classification system was proposed by Cierny and colleagues.7 Osteomyelitis was classified as being either suppurative or nonsuppurative by Lew and Waldvogel.8 This classification was modified by Topazian.9 Additional authors classified osteomyelitis as being either hematogenous or secondary to a contiguous focus of infection.10 Another system proposed by Hudson essentially divided the presentation of osteomyelitis into acute and chronic forms.11 With the multitude of classification systems, the controversy involved in adequately classifying osteomyelitis is clearly evident. However, for simplicity’s sake, the classification system offered by Hudson is the most advantageous to the clinician. 
Osteomyelitis is divided into acute or chronic forms based on the presence of the disease for a 1-month duration.11

1. Acute osteomyelitis

a. Contiguous focus 

b. Progressive

c. Hematogenous

2. Chronic osteomyelitis

a. Recurrent multifocal 

b. Garré’s 

c. Suppurative or nonsuppurative

d. Sclerosing 
Clinical Presentation
Very often, as with any infection, the patient with osteomyelitis of the maxillofacial region will present with classic symptoms:

• Pain

• Swelling and erythema of overlying tissues

• Adenopathy

• Fever

• Paresthesia of the inferior alveolar nerve

• Trismus

• Malaise

• Fistulas

The pain in osteomyelitis is often described as a deep and boring pain, which is often out of proportion to the

clinical picture. In acute osteomyelitis it is very common to see swelling and erythema of the overlying tissues, which are indicative of the cellulitic phase of the inflammatory process of the underlying bone. Fever often accompanies acute osteomyelitis, whereas it is relatively rare in chronic osteomyelitis. Paresthesia of

the inferior alveolar nerve is a classic sign of a pressure on the inferior alveolar nerve from the inflammatory process within the medullary bone of the mandible. Trismus may be present if there is inflammatory response in the muscles of mastication of the maxillofacial region. The patient commonly has malaise or a feeling of overall illness and fatigue, which would accompany any systemic infection. Lastly both intraoral and extraoral fistulas are generally present with the chronic phase of osteomyelitis of the maxillofacial region. Often these patients will have a laboratory work-up as part of their initial examination. In the acute phase of osteomyelitis it is common to see a leukocytosis with left shift, common in any acute infection. Leukocytosis is relatively uncommon in the chronic phases of osteomyelitis. The patient may also exhibit an elevated erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP). Both the ESR and CRP are very sensitive indicators of inflammation in the body and they are very nonspecific. Therefore, their main use is to follow the clinical progress of the osteomyelitis. Nearly all patients will have some form of maxillofacial imaging. The orthopanoramic view is indispensable in the initial evaluation of osteomyelitis. This view is easily obtainable in most dental offices and can yield valuable information as to the radiographic changes with osteomyelitis, potential sources of the disease, and predisposing conditions such as fractures and underlying bone disease. One must bear in mind that radiographic images lag behind the

clinical presentation since cortical involvement is required for any change to be evident. Therefore, it may take several weeks before the bony changes appear radiographically. Hence, it is possible to see a patient with acute osteomyelitis that has a normal-appearing orthopantomogram. However, one can often see the

appearance of “moth-eaten” bone or sequestrum of bone, which is the classic appearance of osteomyelitis.

Computerized tomography (CT) scans have become the standard in evaluatingmaxillofacial pathology such as osteomyelitis. They provide threedimensional imaging not available on an orthopanoramic view. The CT scan can give very detailed images as to early cortical erosion of bone in ostemyelitis. One can often see the extent of the lesion and bony sequestra along with pathologic fractures. CT scanning, like plain films, requires 30 to 50% demineralization of bone before changes can be seen, thus presenting an essential delay in diagnosis of osteomyelitis.12 Magnetic resonance imaging (MRI) is generally considered more valuable in

the evaluation of soft tissue lesions of the maxillofacial region. However, MRI can assist in the early diagnosis of osteomyelitis by loss of the marrow signal before cortical erosion or sequestrum of

the bone appears. Thus, MRI may benefit in identifying the earlier stages of osteomyelitis.12 Nuclear medicine has evolved to aid in the diagnosis of osteomyelitis. Technetium 99 has been the workhorse of  nuclear medicine imaging of the maxillofacial region. The technetium 99 bone scan is very sensitive in highlighting areas of increased bone turnover; however, the scan is not very specific to areas of infection. With the addition of gallium 67 or indium 111 as contrast agents, one can differentiate areas of infection from trauma or postsurgical healing as these agents specifically bind to white blood cells. 
Treatment
The management of osteomyelitis of the maxillofacial region requires both medical and surgical interventions. In rare cases of infantile osteomyelitis, intravenous antibiotic therapy alone may eradicate the disease. Antibiotic therapy is rarely curative in later-onset cases, and the overwhelming majority of osteomyelitis cases require surgical intervention. Clearly the first step in the treatment of osteomyelitis is diagnosing the condition correctly. The tentative diagnosis is made from clinical evaluation, radiographic evaluation, and tissue diagnosis. The clinician must be aware that malignancies can mimic the presentation of osteomyelitis and mustbe kept in the differential diagnosis until ruled out by tissue histopathology (Figure

17-7). Tissues from the affected site should be sent for Gram stain, culture, sensitivity, and histopathologic evaluations. The clinical response to the treatment of any patient will be compromised unless altered host

factors can be optimized. Medical evaluation and management in defining and treating any immunocompromised state is indicated and often helpful. For example, glucose control in a diabetic patient should be stabilized for best response to therapy. Empiric antibiotic treatment should be started based on Gram stain results of the exudate or the suspected pathogens likely to be involved in the maxillofacial

region. Definitive culture and sensitivity reports generally take several days or longer to be obtained but are valuable in guiding the surgeon to the best choice of antibiotics based on the patient’s specific causative organisms.13 Infectious disease consultation may illustrate the most current antimicrobials and/or regimens.
Surgical Options
Classic treatment is sequestrectomy and saucerization. The aim is to débride the necrotic or poorly vascularized bony sequestra in the infected area and improve blood flow. Sequestrectomy involves removing infected and avascular pieces of bone—generally the cortical plates in the infected area. Saucerization involves the removal of the adjacent bony cortices and open packing to permit healing by secondary intention after the infected bone has been removed. Decortication involves removal of the dense, often chronically infected and poorly vascularized bony cortex and placement of the vascular periosteum adjacent to the medullary bone to allow increased blood flow and healing in the affected area. The key element in the above procedures is determined clinically by cutting back to good bleeding bone. Clinical judgment is crucial in these steps but can be aided by preoperative imaging that shows the bony extent of the pathology.

It is often necessary to remove teeth adjacent to an area of osteomyelitis. In removing adjacent teeth and bone the clinician must be aware that these surgical procedures may weaken the jaw bone and make it susceptible to pathologic fracture. Supporting the weakened area with a fixation device (external fixator or reconstruction type plate) and/or placing the patient in maxillomandibular fixation is frequently used to prevent pathologic fracture. Indeed, we have primarily grafted such areas when the sequestrectomy and saucerization have been deemed adequate. Some authors have proposed adjunctive

treatment methods that deliver high doses of antibiotic to the area using antibiotic impregnated beads or wound irrigation systems.14–16 This therapy works on the premise that high local levels of antibiotics are made available and the overall systemic load is very low, thus reducing the possible side effect and complication rate. Hyperbaric oxygen (HBO) treatment has also been advocated for the treatment of refractory osteomyelitis. This treatment method works by increasing tissue oxygenation levels that would help fight off any anaerobic bacteria present in these wounds. The widespread use of HBO treatment of osteomyelitis still remains controversial. Resection of the jaw bone has traditionally been reserved as a last-ditch effort, generally after smaller débridements have been performed or previous therapy has been unsuccessful or to remove areas involved with pathologic fracture. This resection is generally performed via an extraoral route, and reconstruction can be either immediate or delayed based on the surgeon’s preference. Rigid internal fixation has simplified the postoperative course by providing a means for immediate function of the jaws. We believe that early resection and reconstruction shorten the course of treatment. Once the patient develops paresthesia in mandibular osteomyelitis, resection and immediate reconstruction are indicated. At this point preservation of the mandible is highly unlikely and one should attempt to shorten the course of the disease and treatment.

 Conclusion
Osteomyelitis present an ongoing and potentially difficult clinical scenario to manage.Many patients will receive a combination of surgery and medical management to adequately heal from these diseases. Some patients will be required to undergo extensive and potentially disfiguring surgery to manage their disease. The medical management, including antibiotic therapy and HBO treatment, may be expensive, time consuming, and disruptive to the patient’s life. Both of these conditions can be started with something

as innocuous and common as a dental extraction. Clinicians must always be vigilant for post-treatment complications, including osteomyelitis and osteoradionecrosis. Despite advances in both medical management and surgical therapy, the absolute answer to the prevention and/or oral management of osteomyelitis  has yet to be found.
Answer the questions:
1. What is the basis of the process of osteomyelitic lesion of the bone?
2. What is wrong in Bobrov’s and Lexer’s views?
3. What is the basis of Derizhanov theory, confirmed for the processes in the jaw by Snezhko?
4. What new did Solovjev, Semenchenko and Grigorjan contribute into the views on the pathogenesis of osteomyelitis?

5. What are the main signs of osteomyelitis, and what is their cause?
6. What is the cause of peculiar development of osteomyelitis on the mandible and maxilla?

7. What are the necessary diagnostic and curative actions in acute odontogenic osteomyelitis?
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