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Mechanisms of Human Disease 
Bone and Joint Infections 

Susan Pacheco, MD 
 
 
This Infectious Disease Monograph on Bone and Joint Infections provides an opportunity for 
students to apply content learned in their Host Pathogens Course and Pharmacology & 
Therapeutics Antimicrobial Block.  
 
Students should read this monograph  prior to the February 27, 2023 in-Class Discussion Session. 
During the In-Class session, Dr. Pacheco will review key aspects of bone and joint 
 
 
Learning Objectives 
 

 Summarize the pathogenesis of osteomyelitis 
 Given a clinical scenario, identify the potential etiologic agent/s of osteomyelitis (ie single 

organism vs polymicrobial; Salmonella, Pseudomonas, M. tuberculosis, S. aureus) 
 Identify risk factors predisposing to osteomyelitis 
 Compare and contrast the clinical presentation of acute vs chronic osteomyelitis 
 Describe the pathophysiology of septic arthritis 
 Summarize the classic clinical presentation of a patient with acute suppurative joint infection and 

the findings in joint fluid obtained via arthrocentesis 
 Compare and contrast the management of both native and prosthetic septic joints 

 
 
OSTEOMYELITIS 
Definition: bone and marrow inflammation, virtually always secondary to infection 
 
 
Pathogenesis of Osteomyelitis 
 
Microorganisms can reach the bone by one of three routes  

 Hematogenous 
 Extension from a contiguous site of infection 
 Direct inoculation 

 
Hematogenous spread  
 Bacteria enter the blood from a distant focus of infection and seed the bone 
 Accounts for most osteomyelitis in children affecting the long bones of the extremities 
 20% of adult infections, mostly involving vertebral bones, the clavicle and pelvis, and less 
  commonly, the long bones of the extremities 
 Seeding of implanted devices, such as joint arthroplasties, can also occur 
 Examples:  
  Vertebral osteomyelitis seeded from a primary tuberculosis infection  
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  Prosthetic knee infection secondary to a MRSA central line-associated blood stream 
   infection  
 Pathogenesis in children: 
  Bacteria enter the blood and target bones with a rich blood supply  
  --metaphysis is targeted; sluggish flow in the sinusoidal veins of the metaphyseal 
   vascular loops may aid in bacterial deposition here 
  Inflammation and abscess formation occur in the bone marrow  
  Due to increased intramedullary pressure, infection later spreads to the cortical bone 
   and ruptures through or lifts the periosteum.   

Bone necrosis is common due to disrupted blood flow, and a sequestrum, or separated 
 piece of dead bone, can form.   

  New bone later forms under the elevated periosteum and is termed the involcrum.   
  Spread to the epiphysis and into the joint space is also not uncommon in children 
 Pathogenesis in adults: 

The diaphysis is the initial site of infection which can spread to the rest of the 
   medullary canal.   

Subperiosteal spread is rare as the periosteum of adult bones is more adherent.  As a 
 result, massive bone devitalization is rare; soft tissue abscesses are more 

   likely. 
 
Extension from a contiguous site of infection  
 Tissue or organs adjacent to the bone are initially infected 
 Later spread to the bone which is often devitalized (has a poor blood supply) 
 Examples of this type of infection include:  
  Sacral osteomyelitis associated with a sacral decubitus ulcer  
  Osteomyelitis of the foot secondary to an infected diabetic foot ulcer 
 
Direct inoculation  
 Microorganism is traumatically or surgically introduced into the bone  
 Examples: 
  Open fracture after a motorcycle accident 
  Human or animal bite 
  Vertebral bone infection after laminectomy surgery 
 
Microbiology 
 
Osteomyelitis is most commonly caused by bacteria with a much smaller number of cases attributable to 
mycobacteria; fungal infections are much less common and tend to occur in immunocompromised 
individuals.   
 
When infection occurs by hematogenous spread, a single organism is usually implicated.   
Polymicrobial infections are more likely to occur when there is extension from a contiguous source or 
 direct inoculation such as from an open fracture or a surgical site infection.   
 
Staphylococcus aureus is responsible for most culture-positive cases.   
Coagulase-negative staphylococcus, streptococci, gram negative rods, and enterococci are also 
 commonly seen.   



3 
 

 

 
Sickle cell disease is associated with osteomyelitis due to Salmonella species.  
Puncture wounds through a shoe should prompt consideration for infection with Pseudomonas 
 aeruginosa.  
Exposure to Mycobacterium tuberculosis should be explored in a patient with vertebral osteomyelitis 

without another obvious etiology, especially if there is a more subacute onset. 
 
Risk Factors for Osteomyelitis 
 
For hematogenous infections, risk factors include any element that increases the risk for bacteremia: 

 established infection at a site remote from the bone 
 presence of an indwelling central line or cardiac device 
 receipt of hemodialysis 
 intravenous drug use 

In children, chronic granulomatous disease and hemoglobinopathies such as sickle cell disease increase 
 the risk of hematogenous osteomyelitis.   
 
Extension from a contiguous site is more likely when bone is already devitalized (i.e. poor blood supply): 

 Diabetes mellitus 
 Decubitus ulcers 
 Peripheral artery disease leading to ischemia 

 
Trauma, a history of recent surgery, or a human or animal bite may be seen with direct inoculation 
 injuries that subsequently become infected.   
The presence of foreign bodies increases the risk of infection with any pathogenesis mechanism as the 
 contaminating bacteria are often more difficult or impossible to clear due to the formation of 
 biofilms.   
Mycobacterium tuberculosis infection can disseminate to the bone in 1-3% of cases; vertebral bones 
 (Pott’s disease) and long bones are the most commonly affected.  
 
Pathologic changes 
 
The acute phase of osteomyelitis is characterized by bacterial proliferation and neutrophilic inflammation 
prior to sequestrum development.  The inflammation spreads via cortical canals (the Haversian system) to 
the periosteum forming a subperiosteal abscess; if this ruptures, a soft tissue abscess is formed and can 
spread to the skin or track into the joint space.  
 
The chronic phase is characterized by marrow fibrosis, the presence of a sequestrum (necrotic separated 
bone), and a lymphocytic and plasma cell infiltrate.   Later inflammatory cells release cytokines resulting 
in bone resorption, fibrosis, and, in some cases, a shell of new reactive bone formation called the 
involcrum.  Sinus tracts are also common in chronic infection.   
 
In mycobacterial osteomyelitis, caseating granulomas with bone destruction are characteristic. 
 
Clinical Presentation 
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Fever, chills, and malaise are variably present in cases of hematogenous osteomyelitis; in some instances 
the only symptom is localized pain.  Imaging subsequently ordered for evaluation of the pain may lead to 
the diagnosis.   
 
Acute osteomyelitis extended from a contiguous site of infection is often suspected when the original 
infection site fails to heal such as a diabetic foot ulcer that is enlarging, has increased or purulent 
drainage, or probes to the bone.  Fever and other systemic symptoms may be present depending on the 
degree of adjacent infection.   
 
Direct inoculation infections may manifest as nonunion of the fracture site or poor healing of the surgical 
incision with sinus tract formation.   
 
Tuberculous osteomyelitis most commonly affects the spine and presents with low-grade fever, sweats, 
weight loss, and localized pain.  Concurrent mycobacterial infection at other locations can occur but is 
uncommon other than in immunocompromised individuals.   
 
Risk factors for persistent (chronic) infection:  

 longer duration of infection 
 suboptimal antibiotic therapy for acute osteomyelitis 
 poor source control (i.e. remaining necrotic tissue or a foreign body present) 
 immunosuppression 

Chronic infections may present as a chronic non-healing ulceration or a sinus tract with periodic drainage 
and exacerbations of soft tissue swelling and erythema.  Systemic symptoms are absent in most cases; 
however, occasionally chronic infections can result in flares with resultant bacteremia, endocarditis, 
and/or sepsis.  Noninfectious complications of chronic osteomyelitis include pathologic bone fractures, 
amyloidosis from chronic long-standing inflammation, and squamous cell carcinoma of sinus tracts. 
 
Diagnosis in all instances is similar.   

 White blood cell count, erythrocyte sedimentation rate, and c-reactive protein may be variably 
elevated but are nonspecific.   

 A diabetic foot ulcer that probes to bone (making contact with bone when the ulcer is probed) has 
a high likelihood of underlying osteomyelitis and further evaluation to prove osteomyelitis is 
generally unnecessary.   

 Imaging showing a lytic bony destructive lesion with surrounding sclerosis is consistent with 
 osteomyelitis.   
 --An x-ray may show changes if the onset is at least a few weeks prior 
 --Magnetic resonance imaging (MRI) is the most sensitive diagnostic modality 
 --CT scan is an alternative if an MRI is not feasible 

--Triple phase bone scan (a radionuclide study) can also be obtained but lacks sensitivity and 
specificity 

 Microbiologic etiology may be suggested in cases where bacteremia is identified, especially S. 
aureus.  

 A bone biopsy with culture provides a definitive diagnosis and allows targeting of antimicrobial 
therapy.   
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 Cultures from superficial wounds or sinus tracts have a poor correlation with bone cultures unless 
S. aureus is isolated; for this reason, wound cultures are generally avoided, especially if a bone 
biopsy is feasible.   

 
Surgical debridement should be performed if there is a drainable fluid collection or significant necrotic 
 tissue.   
Prolonged antibiotic therapy (minimum of 6 weeks) is indicated unless the entire focus of infection is 
 surgically removed; in many cases, this is delivered intravenously.   
Ideally, antibiotic therapy is delayed pending culture acquisition unless the patient is systemically ill or 
 has significant surrounding skin and soft tissue infection. 
 
 
 
INFECTIOUS ARTHRITIS 
 
Epidemiology and Pathogenesis of Infectious Arthritis 
 
Risk factors for infection:  

 advanced age 
 intravenous drug or alcohol use 
 diabetes mellitus 
 presence of a joint prosthesis 
 recent joint surgery or intraarticular injection (i.e. with steroids) 
 overlying skin infection 
 underlying joint disease (i.e. crystal arthropathy, rheumatoid arthritis, osteoarthritis).   

 
Some patients will not have any identifiable risk factors, however.   
Risk factors for disseminated gonococcal infection (DGI) include:  

 recent menstruation 
 pregnancy or the post-partum state 
 terminal complement deficiencies 

 
Spread of infection to the joint can occur from hematogenous seeding, direct inoculation due to trauma or 
procedure, or contiguous spread of infection in the adjacent soft tissue or bone.   
 
Most pyogenic arthritis is monomicrobial and involves hematogenous spread to a single joint.  Synovial 
tissue lacks a basement membrane so that bacteria easily enter the joint space and inflammatory cells 
follow.  The synovium becomes inflamed causing hyperplasia of the membrane cells.  Destruction of 
cartilage can occur due to cytokine and protease release as well as pressure necrosis from large effusions.  
Infections can involve both native and prosthetic joints.  
 
DGI usually starts as asymptomatic mucosal infection which is unrecognized and disseminates via 
bacteremia.  Inflammatory mechanisms other than direct microbial invasion may be responsible for the 
arthritis and other clinical manifestations of DGI.   
 
The arthritis seen in Lyme disease is likely immune-mediated.  
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Microbiology 
 
Most joint infections are due to bacteria.   
 
Staphylococcus aureus is the most common organism isolated from native joint septic arthritis in adults 
and older children; it is also represented disproportionately in rheumatoid arthritis patients. Streptococcal 
species are also common.  Neisseria gonorrhoeae is an important etiology in sexually active adolescents 
and younger adults.  Haemophilus influenzae predominates in very young children.  Salmonella has a 
predilection for individuals with sickle cell disease. Gram negative rods are more common in the elderly, 
immunocompromised, and those with intravenous drug use as a risk factor.   
 
Polymicrobial infections are generally the result of extension from a bowel infection or penetrating 
trauma into the joint.   
 
Borrelia burgdorferi, the causative agent of Lyme disease, can cause monoarthritis of the knee or 
oligoarticular arthritis in the late disseminated stage of illness.   
 
Early prosthetic joint infections are most often due to S. aureus with a percentage attributed to gram 
negative rods.  Coagulase-negative staphylococci (CONS) predominate in delayed-onset prosthetic joint 
infections which tend to be more indolent.  Late-onset prosthetic joint infections are generally due to 
hematogenous seeding with a virulent organism such as S. aureus, gram-negative rods, or beta-hemolytic 
streptococci.   
 
Fungal and mycobacterial infections are rare and more commonly seen in immunocompromised patients.  
Viral infections generally result in polyarthritis associated with an acute systemic illness. 
 
Clinical Presentation 
 
Acute suppurative arthritis usually presents with the sudden onset of a painful, swollen, warm joint 
often with fever.  Movement of the joint is generally painful and restricted.  There is often a joint effusion 
on exam and there may be overlying erythema.  Only one joint is involved in most cases; the knee is most 
common.  The axial skeletal joints are more commonly affected in injection drug users. 
 
Disseminated gonococcal infection occurs more commonly in women, especially with menstruation and 
pregnancy.  The triad of dermatitis, tenosynovitis, and migratory polyarthritis is classic.  Skin lesions can 
be macules, papules, or pustules and are painless.  The hands and wrists are most commonly affected by 
tenosynovitis.  Arthritis is more common than a frankly septic joint although the latter can also occur and 
generally involves the knee. 
 
Fungal and mycobacterial infections tend to be more indolent in nature. 
 
Diagnosis 
 

 White blood cell count, erythrocyte sedimentation rate (ESR), and c-reactive protein (CRP) are 
often elevated although these are nonspecific 
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 Blood cultures may be helpful if there is ongoing bacteremia; in many cases, the joint may have 
been seeded by transient bacteremia and blood cultures may be negative.   

 Imaging including x-rays, computed tomography (CT) scans, and magnetic resonance imaging 
scans (MRIs) may show soft tissue edema and joint effusion early on with later loss of joint space 
and joint erosion and destruction.   

 Arthrocentesis, or aspiration of fluid from the joint, is critical to making the diagnosis and 
guiding therapy.  Synovial fluid typically reveals an elevated white blood cell count (greater than 
50,000 per µL in a native joint with a predominance of polymorphonuclear cells; much lower 
levels of inflammation can be seen in a prosthetic joint infection) and, ideally, growth of the 
responsible organism to guide therapy.   

 If gonococcal disease is suspected, in addition to joint culture on special media, it is 
recommended to also perform PCR of the synovial fluid as well as mucosal sites (cervical, urine, 
oropharynx, rectum) as the bacterial gram stain and culture are often negative.  

 Serology for Lyme disease should be obtained if the clinical presentation and epidemiologic 
exposures are suggestive. 

 
Treatment 
 
Urgent treatment is critical to prevent joint destruction as this may be irreversible.  Drainage either by 
serial aspiration or surgical washout is indicated.  Larger joints and prosthetic joints generally require 
surgical washout as do those infections not responsive to more conservative drainage techniques.  Empiric 
intravenous antibiotic therapy generally consists of vancomycin +/- ceftriaxone in patients with a risk of 
gram negative infections.  Therapy should be tailored to the gram stain and culture.  Antibiotic therapy is 
given for 3-4 weeks in native joint septic arthritis; the first few weeks, and in many cases the entire 
course, is given intravenously depending on the clinical circumstances.  
 
Prosthetic joint infections, on the other hand, generally require removal of the prosthesis with more 
prolonged therapy (a minimum of 6 weeks of intravenous therapy) depending on the surgical procedure 
performed.  If the prosthesis is unable to be removed, chronic suppressive therapy may be necessary to 
keep the infection under control; cure is unlikely in these cases due to the persistence of the bacteria in 
biofilms associated with the prosthesis. 
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