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eAppendix. WikiGuidelines Overview, Executive Summary, and Discussion  

 
Disclaimer 
WikiGuidelines evidence standards are summarized in its Charter.  These guidelines are intended 
only to provide insight into the opinions of the participating clinicians, and are not intended to 
establish care mandates, serve as medical-legal standards of care, or to replace individual 
clinician judgment for individual patients. 
 
 
Introduction 
An important limitation of traditional clinical guidelines is the frequent dissociation between 
quality of evidence and strength of recommendations.1-6  As a result, some past guideline 
recommendations have endorsed harmful care, which was only subsequently recognized when 
high quality, prospective controlled trials were conducted.7  To overcome this limitation, we 
developed a novel approach called WikiGuidelines, which establish Clear Recommendations 
only when high quality, hypothesis-confirming evidence is available (see Charter). 

Our initial social media poll revealed a desire for renewed guidance on a common 
infectious disease, pyogenic osteomyelitis.  Pyogenic osteomyelitis occurs at a rate of 
approximately 20 cases per 100,000 person-years, with rates rising among diabetic and elderly 
patients, and those with prosthetic joints.8-10  In low- and lower-middle-income countries 
(LMIC), osteomyelitis may be more common in younger patients as a result of traumatic 
injury.11  Nevertheless, the global economic burden of osteomyelitis is considerable for high 
income and LMIC.9,10,12-14 

Osteomyelitis is an ancient disease, with the earliest documented case in an unfortunate, 
250 million year old dimetredon with a fractured spinal shaft.15  In the modern era, radiography, 
surgical methods, and antibiotics have revolutionized its management.  However, these 
successful interventions have resulted in long-standing diagnostic and therapeutic paradigms 
despite lack of strong evidence, including the need for diagnostic X-rays and intravenous-only 
antibiotic therapy for all patients.16  Recent studies have begun to challenge these dogmas (e.g., 
is routinely obtaining plain X-rays high value, can oral antibiotics be administered?16-18).  This 
guideline focuses on data regarding management of pyogenic osteomyelitis in adults. 
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Methods. 
The WikiGuidelines group formed on Twitter by participants who were dissatisfied with 
traditional guideline methodologies.  The group constructed a Charter that specifically chose not 
to use the GRADE system for evaluating strength of evidence due to previously published 
concerns regarding bias, poor interrater reliability, and, most importantly, the dissociation 
between strength of recommendation and quality of supporting evidence.1-7 

Instead, WikiGuidelines seek to incorporate the “humility of uncertainty”7 by only 
offering Clear Recommendations when reproducible, high-quality, hypothesis-confirming 
evidence is available.  High quality, hypothesis-confirming data is based on, at a minimum: 1) 
one properly conducted, adequately powered randomized controlled trial (RCT); AND 2) at least 
one other concordant, prospective, controlled clinical study, either a second RCT, a quasi-
experimental pre-post study, a pragmatic non-randomized clinical trial, or a carefully conducted 
historically controlled study. In the absence of such data, WikiGuidelines offer guidance based 
on Clinical Reviews that discuss care choices.  However, recognizing the core principle of “first 
do no harm,” authors could recommend against the routine provision of unsubstantiated care as 
part of Clinical Reviews.  We also sought to incorporate principles of High Value Care (i.e., right 
care, right place, right cost) and healthcare quality (i.e., safe, effective, patient-centered, timely, 
efficient, equitable).19 
 Drafting members for each question conducted their own literature review using PubMed, 
including all years and all languages, with key words that varied by the question being asked.  
Articles were assessed for quality/inclusion by criteria specified in the Charter.  References from 
identified articles were also searched for potential inclusion.  When divergent opinions on article 
interpretation or clinical practice existed among the authors, we did not attempt to force 
consensus; rather, in accord with the Charter, we sought to transparently highlight those 
diverging opinions by discussing care alternatives.  For answers based on more than one relevant 
RCT, meta-analysis was conducted using Review Manager 5.4.1 (RevMan, Cochrane 
Collaboration, UK). 
 The consortium that established the WikiGuidelines Charter consisted of 63 participants 
from 8 countries: Australia, Canada, Colombia, Saudi Arabia, Spain, Switzerland, the United 
Kingdom, and the United States of America.  These participants included physicians, 
pharmacists, and microbiologists, with expertise in General Internal Medicine/Hospital 
Medicine, Pediatrics, Infectious Disease, Orthopedic Surgery, Pharmacology, and Medical 
Microbiology. 
 The participants addressed seven questions regarding the diagnosis and management of 
pyogenic osteomyelitis but found data sufficient to establish Clear Recommendations for only 
two: 1) oral antibiotic therapy for pyogenic osteomyelitis, and 2) duration of therapy.  In 
contrast, 5 questions were addressed with Clinical Reviews in the absence of high-quality data: 
diagnosis of pyogenic osteomyelitis, management of osteomyelitis underlying pressure ulcers, 
appropriate timing of empiric therapy, rational selection of antimicrobial options, and use of 
serial biomarkers or imaging studies to evaluate therapeutic response. 
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Executive Summary of Clear Recommendations or Clinical Review 
Conclusions for Osteomyelitis 
 
1. How should the diagnosis of osteomyelitis be established? 
Clinical Review (insufficient quality of evidence to enable a Clear Recommendation): 
a. Osteomyelitis without Prosthetic Joint Infections (PJI) 
Based on observational studies, we do not recommend the routine use of plain X-rays 
(inadequate sensitivity, specificity) or CT scans (inadequate sensitivity) for all patients with a 
possible diagnosis of osteomyelitis (Table 1) as they may result in unnecessary radiation and use 
of resources.  However, these studies may be helpful if a fracture or other non-infectious cause of 
bone pain (e.g., tumor, foreign object, etc.) is prioritized on the differential diagnosis, and/or the 
pre-test probability of osteomyelitis is lower (e.g., ≤15%).  Magnetic resonance imaging (MRI) 
and certain tagged white cell scans are the most accurate imaging modalities for diagnosing 
osteomyelitis.  Inflammatory biomarkers are insufficiently accurate, and we do not recommend 
their routine use for osteomyelitis diagnosis.  Blood cultures have variable sensitivity but if the 
patient has systemic symptoms or risk factors for bacteremia (e.g., intravenous drug use), 
isolating likely pathogens (e.g., Staphylococcus aureus) can be helpful to target therapy, and 
potentially obviate the need for bone biopsy.  If available, bone biopsy for histopathology is 
highly accurate if positive, but has poor sensitivity to rule out osteomyelitis if negative.  Culture 
of biopsy specimens of the affected bone may help identify etiology and target antimicrobial 
therapy. 
 
b. Diabetic Foot Osteomyelitis (DFO) 
Based on observational studies, plain X-rays have low sensitivity and specificity for diagnosing 
DFO (Table 1, with references).  The probe-to-bone (PTB) test is simple, non-invasive, and has 
reasonable sensitivity and specificity as a diagnostic method for DFO, which may preclude the 
need for imaging in some settings.  MRI and certain tagged white cell scans are the most 
accurate imaging modalities for diagnosing DFO, although their specificities are lower than their 
sensitivities.  Inflammatory biomarkers are insufficiently accurate, and we do not recommend 
their routine use for diagnosis.  If available, percutaneous bone biopsy for deep microbiological 
cultures may help target antimicrobial therapy; surface cultures are not accurate and not 
recommended.  
 
c. Osteomyelitis with PJI 
There is no established, accurate referent standard diagnostic test for PJI.  Certain tagged white 
cell scans are the most accurate imaging studies for PJI (Table 1, with references), however 
given the limitations of individual tests, published algorithms are sometimes recommended to 
establish the diagnosis.  Data are limited and inadequate to compare the relative accuracies of 
competing algorithms.  Practically, the diagnosis is typically made from a combination of 
history, physical exam, imaging studies to assess alternate causes of pain and instability, 
inflammatory markers, synovial fluid analysis, and/or operative specimens.  Molecular 
diagnostic testing is a promising approach, but data are mixed and inadequate to recommend for 
or against its use as of 2021.  
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2. What is the appropriate management for osteomyelitis underlying a pressure ulcer? 
 
Clinical Review (insufficient quality of evidence to enable a Clear Recommendation): 
Observational studies indicate that imaging and inflammatory biomarkers are not diagnostically 
accurate for osteomyelitis underlying a pressure ulcer and we do not recommend their routine 
use for this purpose.  Antibiotics have not been shown to be of benefit, and may be of harm, in 
the absence of surgical wound closure, but osteomyelitis may increase the risk of surgical flap 
failure.20,21  Therefore, it may be preferable to avoid the routine use of antibiotic therapy for 
osteomyelitis underlying a pressure ulcer unless deep bone biopsy confirms osteomyelitis and 
surgical wound closure is planned, or the patient has accompanying sepsis syndrome or local soft 
tissue infection.  Irrespective of antibiotic use, a multi-modal therapeutic approach includes 
nutritional optimization, wound debridement and care, pressure off-loading, and psychosocial 
management. 

 
3. When should empiric therapy be administered in the treatment of osteomyelitis? 
 
Clinical Review (insufficient quality of evidence to enable a Clear Recommendation): 
Some observational studies suggest that administration of antibiotics prior to bone biopsy or 
surgical management may modestly decrease yield of bone cultures for patients with 
osteomyelitis, including DFO and PJI.  Thus, presuming other microbiological methods (e.g., 
blood cultures) have not already established a microbial etiology, it is reasonable to consider 
deferring antimicrobial therapy initiation until bone/joint microbiological samples are obtained 
for clinically stable patients.  However, other studies are not concordant, and histopathology 
results are unlikely to be affected by prior short-term antibiotics.  Decisions regarding the delay 
of empiric therapy therefore balance potential harm due to the risk of progression of life-
threatening infection (e.g., sepsis) or impending spinal cord compression against the potential 
benefit of microbiological data. 
 
 
4. Are there preferred antibiotics with which to treat osteomyelitis? 
 
Clinical Review (insufficient quality of evidence to enable a Clear Recommendation): 
 
a. Which empiric antimicrobial agents are preferred for osteomyelitis? 
Based on data from observational studies, if antibiotic therapy cannot be delayed until culture 
availability, it is reasonable to empirically cover aerobic gram-positive cocci, especially 
Staphylococcus aureus, and gram-negative bacilli (Table 2).  Many practitioners routinely 
provide anaerobic coverage for DFO, however comparative data are not available to establish the 
clinical benefit or harm of this approach.  Inclusion of empiric therapy targeting methicillin-
resistant S. aureus (MRSA) or Pseudomonas aeruginosa depends on the presence of specific risk 
factors (see sections b and c below, respectively).  In all cases, local susceptibility patterns, 
patient-specific risk factors, and prior culture data influence the choice of antibiotic selection.  
Culture results can be used to tailor empiric therapy when possible. 
 
b. When should antimicrobial coverage targeting methicillin-resistant S. aureus (MRSA) be 

included? 
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Based on culture data from observational studies, inclusion of empiric anti-MRSA coverage 
depends on local prevalence and patient-specific risk factors, such as known colonization status 
(which is the biggest individual risk factor), prior positive cultures, and healthcare exposure.  In a 
setting with low MRSA incidence, no known MRSA colonization or prior positive cultures, and 
minimal healthcare contact, it is reasonable to withhold empiric MRSA coverage.  
 
c. When should antimicrobial coverage against P. aeruginosa be included? 
Based on culture data from observational studies, routine use of empiric antipseudomonal 
therapy for osteomyelitis is unnecessary.  Such agents are added in the presence of specific risk 
factors, including patients with chronic wounds who have: 1) been exposed to multiple prior 
courses of antibiotics; 2) previously had cultures positive for P. aeruginosa; 3) gangrenous 
wounds; 4) had a recent surgical procedure (e.g., <3 months, as with early PJI); or 5) specific 
sites of infection particularly associated with pseudomonal infection (e.g., malignant otitis 
externa).  

 
d. Does bone penetration of an antimicrobial agent matter clinically, and should it be used to 

select therapy? 
Outcome data related to antibiotic bone penetration are limited for osteomyelitis.  Thus, 
theoretical bone penetration (Table 3, with references) is not the primary driver of antibiotic 
selection; published clinical outcomes data are more relevant. 
 
e. Does adjunctive rifampin alter osteomyelitis treatment outcomes; for which organisms is 

rifampin therapy potentially useful, and if it is used, is there a preferred dosing? 
Some observational studies and small RCTs suggest addition of rifampin to standard therapy 
may improve long-term outcomes by reducing relapse of osteomyelitis, with or without retained 
implants/hardware.  However, other observational studies and one small RCT are contrary.  
Overall, the data are mixed and remain uncertain (Figures 1-2).  The use of rifampin in this 
setting is based on culture results (principally targeting gram-positive cocci or non-fermenting 
gram-negative bacilli) and individual patient risk:benefit considerations, acknowledging the 
uncertainty of the efficacy data, side effects, and potential drug interactions (especially those 
disrupting stable, chronic medications, such as oral anticoagulants or opiates).  Studies have not 
elucidated optimal total daily dosing, except that 450-600 mg per dose likely increases 
pharmacodynamic (PD) target attainment and adherence compared to 300 mg multiple daily 
dosing.22-26 
 
f. What is the role of long-acting glycopeptide antibiotics in treating osteomyelitis? 
One RCT and several small, largely single-center, observational studies have examined the role 
of two long-acting glycopeptides, dalbavancin and oritavancin, for the treatment of 
osteomyelitis.27,28  In these studies, the long-acting agents performed similarly to comparator 
regimens.  There are no data supporting their superiority, so the use of these agents is based on 
risk:benefit considerations, as well as cost and complexity vs. other regimens for individual 
patients and health system contexts. 
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5. Is oral therapy appropriate for the treatment of osteomyelitis, and if so, what are 
reasonable patient selection criteria for administration? 
 
Clear Recommendation: 
Based on eight concordant RCTs comparing intravenous (IV) to oral therapy17,29-35 (Figure 3) 
and nine RCTs in which oral therapy was predominantly used in both arms,36-44 we recommend 
oral antibiotic therapy with a drug/dose used in published studies as a reasonable option for 
osteomyelitis of any type (i.e., hematogenous, prosthetic, and contiguous, the latter including 
vertebral and DFO) for patients who: 1) are clinically stable (hemodynamically and at the site of 
infection, e.g., no spinal instability); 2) have adequate source control (i.e., not requiring further 
procedural drainage and without persistent bacteremia); 3) are likely to absorb oral medications 
from a functioning gastrointestinal (GI) tract; 4) have an available regimen used in published 
osteomyelitis studies to cover likely target pathogens; and 5) have no psychosocial reasons that 
preclude the safe use of oral therapy.  There is no required minimum duration of IV lead-in; 
patients may be switched to oral therapy when all the above criteria are met, even at the empiric 
therapy stage.  Specific drug options and doses are discussed in the detailed review section 
(Table 4, Figure 3, Table 5). 
 
 
6. What is the role and optimal utilization of serial biomarkers and/or imaging studies for 
assessing treatment response in osteomyelitis? 
 
Clinical Review (insufficient quality of evidence to enable a Clear Recommendation): 
In the absence of RCTs, observational studies have generally found that neither serial 
inflammatory biomarkers (e.g., erythrocyte sedimentation rate [ESR], C-reactive protein [CRP]) 
nor routinely repeated imaging accurately predict long-term treatment success for osteomyelitis 
or PJI for individual patients, nor do they meaningfully alter treatment decisions beyond clinical 
observation.  Thus, following inflammatory biomarkers and repeated imaging may not offer 
benefit or contribute to high value care in most patients.  Nonetheless, repeated imaging may be 
useful for patients who are clinically failing therapy to inform source control attempts, identify 
mechanical complications such as pathological fracture, and/or to trigger reconsideration of the 
initial diagnosis. 
 
 
7. What is the appropriate duration of therapy for typical cases of osteomyelitis? 
 
Clear Recommendation:  
Osteomyelitis (including DFO) without a Retained Implant  
Based on two RCTs (Figure 4),39,44 and concordant observational studies, we recommend a 
maximum of 6 weeks of antibiotic therapy for hematogenous or contiguous pyogenic 
osteomyelitis (including DFO), assuming adequate source control (i.e., no undrained abscesses 
too large to be treated with antibiotics alone, possibly ≥ 2-3 cm in diameter) and no retained 
prosthetic implant (Table 6).  Insufficient data are available to establish a Clear Recommendation 
for durations shorter than 6 weeks (see Clinical Review below). 
 
Clinical Review (insufficient quality of evidence to enable a Clear Recommendation): 
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a. Osteomyelitis (including DFO) without a Retained Implant  
Based on small RCTs, 3 or 4 weeks may be a reasonable duration of antibiotics for debrided 
osteomyelitis, whether hematogenous or contiguous (including DFO); however, confirmatory 
data are desired.  Based on observational studies and one small RCT, it is reasonable to refrain 
from antibiotic use after total resection of infected bone if the treating physicians are confident 
that all infected bone has been resected.  If administered in this setting, we do not recommend 
exceeding 2-5 days of therapy if there is no complicating soft tissue infection. 
 
b. Osteomyelitis with a Retained Implant (including PJI) 
Based on the Duration of Antibiotic Treatment in Prosthetic Osteo-articular infection (DATIPO) 
RCT, participating experts unanimously agree that 12 is preferred to 6 weeks of antibiotics for 
PJI treated with debridement, antibiotics, and implant retention (DAIR).43  Some experts also 
clearly prefer 12 weeks of antibiotics for PJI treated with prosthetic exchanges.  However, others 
believe that equipoise remains between 6 vs. 12 weeks for these patients, particularly if S. aureus 
is not the etiologic pathogen, or for 1-stage exchanges, or 2-stage revisions with negative 
cultures prior to implantation. 

Duration of therapy for other infected implants is not clear.  A reasonable strategy, 
without evidence for or against, may be to treat with antibiotics until the bone heals sufficiently 
enough that the implants can be removed, such as in cases of fracture.  Finally, chronic oral 
suppressive therapy may be considered for patients for whom the risk:benefit of curative surgery 
is deemed unacceptable; however, available data do not well-define the risks:benefits of this 
approach. 
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Detailed Responses 
 
Question 1: How should the diagnosis of osteomyelitis be established? 
 
Executive Summary: 
Osteomyelitis without PJI 
Based on observational studies, plain X-rays have inadequate sensitivity and specificity, and CT 
scans have inadequate sensitivity, for routine use to diagnose of osteomyelitis (Table 1, with 
references).  Furthermore, routinely obtaining X-rays or CT scans exposes patients to excess 
radiation, and occupies considerable cost and radiology technician time, which can delay care for 
other patients.  Hence, we do not recommend their routine use to evaluate for osteomyelitis in all 
patients but agree that X-rays are rational if other diseases/injuries (e.g., fracture, tumor, foreign 
body, etc.) are prioritized on the differential diagnosis, and/or if a patient has a low (e.g., ≤15%) 
pre-test probability, such that a negative X-ray is sufficient to rule out osteomyelitis without 
obtaining an MRI.  MRI and certain tagged white cell scans have the highest overall accuracy of 
routinely available diagnostic tests for osteomyelitis.  For patients who cannot receive an MRI 
(e.g., incompatible cardiac devices), positron emission tomography (PET) scans are an 
alternative, and CT scans may be useful if positive (high specificity, lower sensitivity).  
Inflammatory biomarkers are not sufficiently accurate, or additive to imaging, to diagnose 
osteomyelitis.  Therefore, we do not recommend their routine use.  Blood cultures are relatively 
non-invasive and inexpensive, and if positive may obviate the need to proceed to more invasive 
microbiological testing (e.g., bone biopsies).  Bone biopsies may be difficult to obtain depending 
on the practice setting; however, biopsy histopathology is highly specific and if positive is 
helpful to rule in osteomyelitis.  Unfortunately, due to their low sensitivity, negative bone biopsy 
results may not be helpful to rule out osteomyelitis.  As importantly, biopsy histopathological 
information and special stains can be critical to identify atypical infectious syndromes (e.g., 
granulomas, acid-fast bacilli (AFB), or silver stain) or alternative diagnoses.  Biopsy cultures that 
are obtained aseptically are useful to target antimicrobial therapy.  Very limited data are 
available to assess the accuracy of molecular diagnostics for osteomyelitis outside the context of 
PJI; their overall cost-efficacy and clinical benefit are unclear, although they may be rational to 
attempt in patients who are clinically failing therapy and for whom traditional methods have 
failed to establish a microbial diagnosis. 
 
DFO 
Based on observational studies, plain X-rays have low sensitivity and specificity for diagnosing 
DFO (Table 1).  Of note, plain X-ray sensitivity likely increases with time, as new bony erosions 
are expected to occur without treatment.  The probe-to-bone (PTB) test is simple, non-invasive, 
requires minimal resource utilization, and has reasonable sensitivity and specificity, making it a 
good initial test for diagnosing DFO, which may preclude the need to progress to imaging.  Some 
experts have suggested that the combination of plain X-ray and PTB has higher sensitivity than 
PTB alone; however, limited data suggest an overall lower accuracy of combination testing 
compared to PTB alone.  Based on observational studies, MRI is the most sensitive routinely 
available imaging test for DFO, although its specificity is lower, and false positives may occur 
particularly in neuropathic feet.  In patients who cannot receive an MRI (e.g., incompatible 
cardiac devices), PET scan or certain tagged white blood cell scans have the best operating 
characteristics; one caveat is that performance characteristics of tagged white blood cell scans 



 
 

© 2022 Spellberg B et al. JAMA Network Open. 

may be lower in settings of poor tissue perfusion.  Inflammatory biomarkers have not been found 
to be reliably accurate, or additive to imaging.  Therefore, we do not recommend their routine 
use.  Surface swabs are inaccurate for diagnosing DFO or establishing etiologic organisms in 
bone and should not be ordered.  If available, bone biopsies with histopathology and culture help 
confirm the diagnosis and target antimicrobial therapy.  
 
Osteomyelitis with PJI 
No single test has been established as a referent standard for the diagnosis of PJI, and accuracy 
of individual tests are variable in observational studies.  Thus, a multi-modal, algorithmic 
approach is typically used to diagnose PJI.  However, studies are not available to enable a 
recommendation of one published algorithm over any other.  Numerous observational studies 
have evaluated novel approaches to establishing the microbial etiology of PJI, including 
sonication and liquid culture, polymerase chain reaction (PCR), and next generation sequencing 
methods.  Such data are mixed, and of sufficiently low quality to preclude a recommendation for 
or against their use, particularly given the excess resources they require.  Molecular methods 
may be rational to attempt when more traditional methods have failed to establish a microbial 
diagnosis, particularly if the patient is not clinically responding to antimicrobial therapy.  High 
quality, prospective studies are needed to improve the diagnosis of PJI.  
 
Table 1: Pooled Point Estimates of Sensitivity, Specificity, and Likelihood Ratios for 
Diagnostic Tests for Osteomyelitis 

Test Sensitivity Specificity +LR* -LR* Reference 
Osteomyelitis without PJI 
X-rays 70% 82% 3.9 0.4 45 
CT Scans 70% 90% 7.0 0.3 45 
MRI 96% 81% 5.1 0.05 45 
Nuclear Medicine Scintigraphy† 84% 71% 2.9 0.2 45 
White Cell Tagged Scans 87% 95% 17.4 0.1 45 
PET 85% 93% 12.1 0.2 45 
SPECT 95% 82% 5.3 0.06 45 
ESR 49%-79% 50-80% 1.6-3.8 0.3-0.4 46-48 
CRP 45%-76% 59%-71% 1.1-2.6 0.3-0.8 46-48 
Biopsy (histopathology) 52% >99% >50 0.5 49 
 
DFO 
X-rays 62% 78% 2.8 0.5 50 
MRI 93%-96% 75%-84% 3.7-6.0 0.05-0.09 50,51 
Nuclear Medicine Scintigraphy† 85% 68% 2.7 0.2 50 
White Cell Tagged Scans 91%-92% 75%-92% 3.6-11.5 0.09-0.1 51 
PET 84% 93% 12.0 0.2 50 
ESR 60%-81% 56%-90% 1.4-8 0.2-0.7 52-55 
CRP 49%-76% 55%-80% 1.1-3.8 0.3-0.9 52-54,56 
Probe-to-bone 87% 83% 5.1 0.2 57 
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PJI‡  
X-rays 14% 70% 0.5 1.2 58 
MRI 65%-94% 73%-99% 2.4->50 0.06-0.5 58-60 
Nuclear Medicine Scintigraphy† 83%-94% 69%-90% 2.7-9.4 0.07-0.2 61-63 
White Cell Tagged Scans 93%-100% 91%-100% 10->50 0.08-<0.01 64,65 
PET 82%-95% 39%-87% 1.3-7.3 0.06-0.5 66-68 
ESR 75% 70%-87% 2.5-5.8 0.3-0.4 69,70 
CRP 88%-97% 74% 3.4-3.7 0.04-0.2 69,70 
IL-6 97% 91% 10.8 0.03 69 
Synovial WBC Count 88% 93% 12.6 0.1 71 
Synovial PMN% 90% 88% 7.5 0.1 71 
Synovial Culture 62% 94% 10.3 0.4 72 
PJI, prosthetic joint infection; LR, likelihood ratio; CT, computerized tomography; PET, positron 
emission tomography; SPECT, single photon emission computed tomography; MRI, magnetic 
resonance imaging; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein rate; DFO, 
diabetic foot osteomyelitis; IL-6, Interleukin-6; WBC, white blood cell; PMN, 
polymorphonuclear 
*A positive LR ≥5 is helpful and ≥10 is very helpful at shifting post-test probabilities; a negative 
LR ≤ 0.2 is helpful and ≤ 0.1 is very helpful at shifting post-test probabilities.  
†Excluding tagged white cell studies, which are considered separately. 
‡Because there is no identified optimal referent standard for the diagnosis of PJI, sensitivity, 
specificity, and LRs for tests for PJI should be considered to be uncertain estimates. 
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Overall Summary: 

No RCTs have been published that define optimal diagnostic strategies for osteomyelitis. 
However, numerous observational studies of various designs, sizes, and quality have been 
published that evaluated the accuracy of various diagnostic modalities. 
 
Osteomyelitis without PJI 
 
Imaging Studies (Table 1) 
 
Plain Films 
The primary utility of plain X-rays in evaluation of patients with osteomyelitis is to exclude 
other diagnoses, such as fractures, metallic foreign bodies, or malignancies.73  Periosteal 
elevation, the most common X-ray finding suggesting osteomyelitis, is neither sensitive nor 
specific for osteomyelitis.73,74  It can be caused by any condition in which there is inflammation 
of the tissue layers above the bone, as well as tumors, or even stress fractures.73,74  Furthermore, 
the earliest bony change in osteomyelitis is marrow edema, which cannot be detected by X-rays.  
As such, plain X-rays are typically normal during the earlier phases of osteomyelitis and X-ray 
findings such as cortical destruction and bony erosions are rare, and typically found after 
prolonged periods of infection.73-75  However, the sensitivity of X-rays does likely increase with 
time in untreated infections due to progressive bony erosion. 

Llewellyn et al. conducted the most recent and comprehensive, systematic review and 
meta-analysis of various imaging modalities at diagnosing osteomyelitis across all body sites.45  
Eighty-one studies were included.  Plain X-rays had a pooled (95% CI) sensitivity and specificity 
of only 70% (62%-79%) and 82% (70%-90%), respectively, resulting in poor positive and 
negative likelihood ratios (3.9 and 0.4, respectively).  There was no noted variation in study 
accuracy by type of osteomyelitis or body site.  Thus, X-rays are neither sensitive nor specific for 
the diagnosis of osteomyelitis. 
  
Computerized Tomography (CT) Scans 
CT scans may detect cortical disruption of bone and play a role in identifying target sites for 
needle biopsies in osteomyelitis.  However, CT scans cannot detect marrow edema, making them 
insensitive for the diagnosis of osteomyelitis, particularly in earlier phases.73,75,76  Llewellyn et 
al. found that CT scans had a pooled (95% CI) sensitivity and specificity of 70% (40%-89%) and 
90% (58%-98%), respectively, for diagnosing osteomyelitis.45  These results indicate that a 
positive CT scan may be helpful to diagnose osteomyelitis (positive likelihood ratio of 7.0), but a 
negative CT scan is less helpful in ruling it out (negative likelihood ratio of 0.3). 
 
Nuclear Medicine Studies 
Similarly to plain X-rays and CT scans, Llewellyn et al. reported that nuclear medicine 
scintigraphy studies of various types (excluding certain tagged white cell scans, which are 
considered separately, below) had relatively poor pooled (95% CI) sensitivity and specificity at 
84% (72%-91%) and 71% (58%-81%), yielding positive and negative likelihood ratios of 2.9 
and 0.2 respectively, for diagnosing osteomyelitis.45  Thus, such scans may be modestly helpful 
if negative, depending on pre-test probability, but do not substantively alter pre-test probability if 
positive.  Similarly, in a study of 30 patients with possible osteomyelitis, 15 of whom were 
subsequently confirmed to have osteomyelitis affecting a range of bones, and 15 with other 
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inflammatory, malignant, or traumatic/degenerative injuries, bone scans were positive in all nine 
patients with osteomyelitis in whom they were obtained.77  However, they were also falsely 
positive in 11 of 12 (specificity 8%) patients who were ultimately diagnosed with other 
conditions.77  These results are consistent with findings from a more recent study in which the 
accuracy of triple phase bone scanning and single photon emission computerized tomography 
(SPECT) scanning were poor to mixed for diagnosing osteomyelitis (ranging from 60-90% 
sensitivity/specificity, likelihood ratios <5).78 

Llewellyn et al. reported superior accuracy of certain tagged white cell scans, positron 
emission tomography (PET) scans, and SPECT scans for diagnosing osteomyelitis.45  
Specifically, tagged white cell scans had a pooled (95% CI) sensitivity and specificity of 87% 
(75%-94%) and 95% (85%-98%), yielding positive and negative likelihood ratios of 17.4 and 
0.1, respectively.  PET scans had pooled (95% CI) sensitivity and specificity of 85% (72%-93%) 
and 93% (83%-97%), yielding positive and negative likelihood ratios of 12.1 and 0.2, 
respectively.45  SPECT scans had a pooled (95% CI) sensitivity and specificity of 95% (88%-
98%) and 82% (62%-93%), yielding positive and negative likelihood ratios of 5.3 and 0.06, 
respectively.  Thus, tagged white cell and PET scans are more specific than SPECT scans, and 
the latter are more sensitive. 
 
MRI 
MRI is the most accurate, generally available radiographic method to identify osteomyelitis, with 
sensitivities in excess of 90-95% and specificities of 80-90%, resulting in positive likelihood 
ratios of 5-10 and negative likelihood ratios of 0.056-0.125.45,50,73,74,76,79  Furthermore, MRIs do 
not expose the patient to ionizing radiation, and become positive for osteomyelitis substantially 
earlier than X-ray and CT imaging.75 

In their recent review of 81 studies, Llewellyn et al. reported that the pooled (95% CI) 
sensitivity and specificity of MRI for diagnosing osteomyelitis were 96% (92%-98%) and 81% 
(71%-88%), respectively (positive and negative likelihood ratios of 5.1 and 0.05, respectively).45  
MRI has also been found to be accurate in diagnosing skull-base osteomyelitis.  In one study of 
patients with malignant otitis externa, the sensitivity and specificity of MRI using specific 
diffusion weighted imaging cut-offs was 86-90% and 79-90%, respectively (positive and 
negative likelihood ratios of ~6 and ~0.1 respectively).80  Similarly, in a case series of patients 
with skull base osteomyelitis or tumors, MRIs were able to distinguish infection from 
malignancy.81 
 
Summary of Radiographic Studies for Osteomyelitis without PJI 
In summary, a consistent and substantial body of literature has found that plain X-rays, CT scans, 
and various forms of scintigraphy (excepting tagged white cell scans) are relatively inaccurate 
for diagnosing osteomyelitis.  X-rays and CT scans can be specific when bony destruction is 
encountered without an alternative explanation, but these findings are late, may be rarely 
encountered, and cannot be distinguished from other destructive bony processes without further 
investigation (e.g., biopsy, surgery).  Bone scans can be sensitive but are highly non-specific for 
osteomyelitis. 

While plain X-rays are often recommended to be routinely obtained as an initial 
diagnostic tool in various guidelines sources, we emphasize that this practice may be rooted in 
historical inertia rather than published data.  Indeed, one review of guidelines has acknowledged 
that this recommendation by others is based on low quality evidence.82  As plain X-rays are not 
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accurate for diagnosing osteomyelitis, their primary role may be in diagnosing a patient for 
whom there is a prioritized concern for non-infectious causes of disease, such as fracture or other 
mechanical causes of bone pain.  In a patient with a low initial pre-test probability of 
osteomyelitis (e.g., 15% or less), a negative X-ray can preclude the need for a diagnostic MRI 
(shifting post-test probability to ≤ 5%).  However, one might question the need for an MRI in 
such a situation, irrespective of X-ray results. 

We emphasize that obtaining numerous relatively low-cost tests adds considerable overall 
cumulative cost to healthcare.  More importantly, obtaining a high volume of such tests occupies 
a considerable amount of radiology technician time, which can create backlogs and delays in 
care for other patients.  Thus, the notion that X-rays are less expensive or resource intensive than 
other options may be a false conclusion given the high volume of such studies, and lack of 
adequate consideration regarding the overall time required for radiology technicians to obtain 
and process such films, the clinician time taken to interpret them, and importantly, their low 
overall diagnostic value. 
 Overall, MRIs appear to be the most sensitive of all radiographic studies, and they have 
the advantage of not exposing patients to ionizing radiation.  PET scans and tagged white cell 
scans may be more specific than MRIs, but are less sensitive, do expose patients to ionizing 
radiation, and may be more expensive depending on the care setting.  Thus, MRIs are a 
reasonable, primary radiographic modality to diagnose osteomyelitis.  PET and tagged white cell 
scans may be alternatives in circumstances where patients cannot receive an MRI, presuming 
that completing an empiric course of antimicrobial therapy is deemed a less acceptable option 
than establishing a definitive diagnosis of osteomyelitis. 
 
Biomarkers: ESR, CRP, Procalcitonin, Others 
Most studies evaluating accuracy of inflammatory biomarkers in the modern era have used MRI 
as the referent standard for identifying osteomyelitis patients.  Many of these studies have 
reported limited accuracy of ESR and CRP at diagnosing osteomyelitis.  Finally, given the 
accuracy of MRI, virtually no study has defined a role for inflammatory biomarkers to further 
improve the accuracy of diagnoses compared to MRI—i.e., how does the inflammatory 
biomarker add to diagnosis when an MRI is already done, or will be done irrespective of the 
biomarker result? 

For example, in an observational study of 133 patients with vertebral osteomyelitis, 
Ghassibi et al. evaluated the impact of specific pathogens on ESR, CRP, and other biomarker 
values.47  The reference standard for confirming osteomyelitis diagnosis was MRI.  The mean 
ESR and CRP were substantially greater than the normal value cut-off, but did not achieve 
meaningful accuracy (e.g., likelihood ratios all <5).  The mean white blood cell (WBC) count in 
peripheral blood was only 12,300 per microliter, slightly greater than normal.  The mean percent 
neutrophil count was also unhelpful.  Biomarker values were higher for pyogenic causes, and S. 
aureus in particular, than for culture-negative, fungal, or tuberculous (TB) osteomyelitis.  Only 
S. aureus and streptococci caused mean WBC counts to rise above normal levels.  CRP was 
normal in half of patients and remained unhelpful to dichotomize patients into those with or 
without osteomyelitis.  WBC count was normal in 86% of patients with culture negative, and 
100% of fungal osteomyelitis.  A variety of methods were used to calculate receiver operating 
curves (ROCs) for each of these biomarkers.  None led to meaningful biomarker cut-offs.  
Corroborating these results with MRI as the referent standard, Scharrenberg et al. reported that 
CRP levels had limited ability to distinguish vertebral osteomyelitis from non-infectious causes, 
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including erosive spinal degeneration (e.g., erosive osteochondrosis), particularly post-
operatively.83 

Similarly, in a study of 30 patients with suspected osteomyelitis, 15 subsequently were 
determined to have osteomyelitis of various body parts, and the remaining patients were 
ultimately diagnosed with arthritis, myositis, trauma, sarcoma, or other inflammatory disorders.77  
Temperature, WBC count, and ESR did not distinguish infectious from non-infectious, 
inflammatory bone disorders. 

In a larger study of 163 patients with traumatic extremity osteomyelitis, ESR and CRP 
were again poorly accurate at diagnosing osteomyelitis.48  Finally, these results are reinforced in 
a study of 102 patients with pedal osteomyelitis who did not have diabetes.46  Using a 
combination of MRI and SPECT scanning, combined with bone culture and histopathology as 
the referent standards, the optimal cut points of ESR and CRP achieved sensitivity/specificities 
of only 49%/79% and 45%/71%, respectively.46 

Thus, overall, studies have not found that typical inflammatory biomarkers are accurate 
in diagnosing osteomyelitis.  None have demonstrated that they can be used to avoid imaging 
studies or enhance diagnostic accuracy compared to imaging studies. 
  
Blood Cultures 
Numerous observational studies have described a wide range of sensitivity of blood cultures for 
establishing the microbial etiology of osteomyelitis of numerous types.  A 2016 review described 
blood culture positive rates of 40-89% across 11 studies of patients with vertebral 
osteomyelitis.84  Similarly, more recent case series reported 60%85 or 31%86 blood culture 
positivity for vertebral osteomyelitis.  While negative blood cultures are not helpful, positive 
blood cultures that identify a likely pathogen may obviate the need to proceed to more invasive 
microbiological testing (e.g., bone biopsy, discussed below).  Furthermore, blood cultures are 
relatively non-invasive and inexpensive.  They are therefore reasonable to obtain in patients with 
systemic signs of infection and a high suspicion for pyogenic osteomyelitis. 
 
Biopsy & Culture 
Several small observational studies have evaluated the diagnostic accuracy of bone 
histopathology and/or microbial culture for osteomyelitis.   

A meta-analysis of 7 prior observational studies including 482 patients evaluated the 
overall diagnostic accuracy of imaging-guided biopsy to diagnose vertebral osteomyelitis.49  The 
overall sensitivity and specificity of biopsy was 52% and >99%, respectively, resulting in a 
remarkably high positive likelihood ratio of 52, and a poor negative likelihood ratio of 0.5.  
Thus, positive biopsy histopathology is extremely accurate for ruling in the diagnosis of 
osteomyelitis, but a negative biopsy is very poor at ruling out osteomyelitis. 

Histopathology can also help identify osteomyelitis caused by atypical pathogens (e.g., 
via granulomas, special stains such as AFB and silver stains, and even particular pathogen-
specific findings, such as Coccidioides spherules).  Furthermore, even a positive Gram stain on 
histopathology, in the absence of a positive culture, can enable targeted antibiotic de-escalation 
or escalation when appropriate. 

Histopathology might have a higher sensitivity than culture.  For example, in a study of 
30 patients with suspected osteomyelitis at various body sites, the authors conducted what they 
referred to as “fine needle bone biopsies”.77  However, the needle size used for the biopsies was 
11 gauge, and hence the biopsies performed might be more accurately described as core biopsies 
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using modern vernacular.  Fifteen patients were ultimately diagnosed with osteomyelitis; the 
referent standard in this study was triple phase bone scan, radiographic changes on serial plain 
X-rays, or finding of pus on biopsy under the periosteum.  Thirteen of 15 patients diagnosed with 
osteomyelitis had positive histopathology on biopsy (sensitivity 87%).  Of the 15 patients who 
did not have osteomyelitis, histopathology was accurately negative in 14 (specificity 93%).  Of 
note, 1 patient had a false positive diagnosis of osteomyelitis on histopathology due to severe 
acute and chronic inflammation with bone necrosis, in what was subsequently determined to be 
an Ewing’s sarcoma lesion.  Nevertheless, this study reinforced the potential superiority of 
histopathology over culture as means to establish a diagnosis of osteomyelitis.  Similarly, in a 
study of 29 CT-guided bone biopsies, only 21% resulted in positive cultures.87 

Additionally, in a study of 84 patients who underwent CT-guided vertebral bone biopsy, 
histopathology was positive in 41% of biopsy samples, whereas culture was only positive in 
19%.88  Furthermore, among control patients who were biopsied due to suspicion of non-
infectious causes (primarily cancer), 77% of the biopsies established an alternative, non-
infectious diagnosis by histopathology.  This study reinforces that the benefits of histopathology 
lie in its ability to diagnose both infectious and alternate, non-infectious etiologies. 

However, in other studies of 88, 46, 142, 111, and 64 patients with vertebral, other axial, 
or extremity osteomyelitis who underwent biopsy, the positivity rate of culture was higher at 
60%, 36%, 43%, 36%, and 31%, respectively.89-93  While histopathology may be more sensitive, 
and enable diagnosis of alternative diseases, the benefit of culture results is that they frequently 
enable more appropriate targeting of antimicrobial therapy.93  Finally, the site of biopsy may be 
relevant, given that another study found that biopsies of paravertebral soft tissues resulted in a 
higher diagnostic yield than bone biopsy (68% vs. 38% for endplate-disk biopsies).92 

Whether all patients in whom osteomyelitis is a concern should be subjected to bone 
biopsy cannot be established from the literature.  Ultimately, the low yield of bone biopsies may 
suggest that they are not routinely required in all patients, particularly, as is true for any 
procedure, because there are procedural risks for the patient.  For example, in a study of 78 
patients with vertebral osteomyelitis who underwent bone biopsy, only 10 patients had positive 
histopathology, 14 had positive culture, and eight were positive both by histopathology and 
culture.94  Only 19 of the biopsies altered treatment; 15 patients underwent de-escalation, and 
antimicrobial therapy was expanded in four cases. 

Overall, the advantages of bone biopsy include confirming the diagnosis, evaluating for 
alternative diagnoses (such as malignancy), helping to identify atypical cases (e.g., TB, fungal), 
providing initial guidance to adjust antimicrobial therapy based on Gram stain, and enabling 
targeted therapy if cultures are positive.  Disadvantages include that bone biopsies require 
considerable resources and may be difficult to obtain in many patient settings, the procedure is 
invasive with risks of harm to the patient, it may establish the diagnosis in half or less cases, and 
even histopathology can rarely lead to incorrect diagnoses.77  Nonetheless, in patients for whom 
a microbiological diagnosis has not been otherwise achieved, it may be reasonable to pursue a 
biopsy in patients who are not felt to be adequately responding to appropriate empiric therapy in 
order to identify resistant, unusual, or non-bacterial pathogens and to exclude alternative 
diagnoses. 

Thus, obtaining a bone biopsy must be individualized on a case-by-case basis and may 
rationally vary by practice setting and patient characteristics.  It is also unclear if multiple biopsy 
specimens would increase or alter sensitivity or specificity diagnostically, and this is an area that 
warrants study in the future. 
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Special Methods and Molecular Diagnostics 
Limited studies are available to evaluate novel molecular diagnostic methods for osteomyelitis 
without PJI.  Choi et al. reported that among 45 patients with vertebral osteomyelitis who 
underwent a bone biopsy or aspirate, 21 patients had true positive 16S RNA PCR tests, 
identifying pathogens, and three patients had false positive PCR tests.95  In contrast, culture was 
true positive in 12 patients and false positive in one.  Other case reports have also used PCR to 
identify unusual pathogens in osteomyelitis without PJI, but only in small numbers and without 
controls.96-98  Although data are not available to confirm accuracy, it may be rational to attempt 
such molecular diagnostic methods particularly for culture-negative infections when patients are 
clinically not responding to empiric therapy and this testing is available. 
 
 
DFO 
 
Probe-to-Bone (PTB) Test  
A systematic review included seven studies with 1,025 patients and compared the PTB test to 
reference standards (primarily bone biopsy).57  The PTB test had a pooled (95% CI) sensitivity of 
87% (75%-93%) and specificity of 83% (65%-93%), resulting in reasonable positive and 
negative likelihood ratios of 5 and 0.2, respectively.  In a patient with low to moderate pre-test 
probability, this accuracy may be sufficient to exclude DFO without requiring an MRI or other 
imaging studies (e.g., 33% pre-test probability shifts to <10% post-test probability with a 
negative probe-to-bone test). 

Some experts have suggested that the combination of a negative plain X-ray and PTB test 
enhances sensitivity compared to PTB alone.  However, there are very limited data assessing the 
accuracy of the combination vs. either test alone.  One study of the combination of PTB and 
plain x-ray did find an impressive sensitivity and specificity of 97% and 92%, respectively in 
diagnosing DFO.99  However, in that study, the sensitivity and specificity of both tests alone 
were also unusually high (95% and 93% for PTB and 82% and 93% for plain X-ray, 
respectively).  Thus, combining PTB with plain X-ray did not appreciably enhance accuracy 
compared to PTB alone.  Furthermore, the authors note that there was an unusually high pre-test 
probability of DFO in the patients because they were performed at a referral center for this 
disease. 

In a second study, which also had a high pre-test probability of DFO, combining the PTB 
test with plain X-rays reduced sensitivity and specificity compared to PTB alone.  Specifically, 
Morales Lozano et al. evaluated the sensitivity and specificity of the PTB test with or without 
plain X-rays in a prospective study of patients with diabetic foot ulcers.100  The PTB test had an 
impressive 98% sensitivity and 78% specificity for DFO.  However, combining the PTB test 
with plain X-rays lowered the sensitivity to 89% and lowered the specificity to 77%.  Thus, data 
appear insufficient to support use of combination plain X-rays and PTB test for DFO and suggest 
that PTB may perform adequately by itself.  Further study is needed.  
 
Imaging Studies (Table 1) 
In a comprehensive systematic review of the accuracy of imaging studies specifically for the 
diagnosis of DFO, Llewellyn et al. determined that the pooled (95% CI) sensitivity and 
specificity of plain X-rays was only 62% (51%-72%) and 78% (63%-89%).50  These results 



 
 

© 2022 Spellberg B et al. JAMA Network Open. 

yielded positive and negative likelihood ratios of 2.8 and 0.5, respectively.50  Thus, the accuracy 
of plain X-rays for diagnosing DFO is poor, and they are of low value for this purpose.  Nuclear 
medicine studies were more sensitive but less specific, resulting in poor overall accuracies.  
Specifically, the pooled (95% CI) sensitivity and specificity of various forms of scintigraphy 
(excluding tagged white cell scans) were only 85% (77%-90%) and 68% (56%-77%), resulting 
in positive and negative likelihood ratios of 2.7 and 0.2, respectively. 

PET scans are more accurate, although they are also more resource intensive and less 
available.  They also expose the patient to considerable ionizing radiation.  Llewellyn et al. found 
their pooled (95% CI) sensitivity and specificity to be 84% (53%-96%) and 93% (76%-98%), 
respectively for DFO.50  Based on only three studies, SPECT had superior sensitivity but much 
inferior specificity at 96% (76%-99%) and 55% (19%-86%), respectively.  In a smaller 
systematic review of six studies of PET scans for diagnosing DFO, the sensitivity of the test 
ranged from 75% to 90% and specificity ranged from 75% to 98% in individual studies.50  
Similarly, Lauri et al. systematically reviewed the literature for diagnostic accuracy of PET scans 
and tagged white cell scans for DFO.51  They found that PET scan sensitivity/specificity were 
89% and 92%, respectively, and tagged white cell scan sensitivity and specificity were 91-92% 
and 75-92%, respectively, depending on the nature of the white cell label. 

Overall, MRIs remain the most accurate routinely available imaging test for DFO while 
avoiding ionizing radiation.  Llewellyn et al. reported a pooled sensitivity and specificity of 96% 
and 84%, respectively, resulting in positive and negative likelihood ratios of 6 and 0.05, 
respectively.50  In their review, Lauri et al. reported a similar sensitivity and specificity of MRI 
for DFO at 93% and 75%, respectively.51  Finally, in a third systematic review of 36 studies 
evaluating various imaging studies for diagnosing DFO, MRI was the most accurate study 
overall, and the authors reaffirmed its role as the preferred diagnostic modality due to accuracy 
and the avoidance of ionizing radiation.50 
 
Inflammatory Biomarkers 
Xu et al. evaluated a combination of PTB test plus inflammatory biomarkers for diagnosing 111 
cases of DFO from among 204 patients with diabetic foot infections (DFI).52  The referent 
standard for diagnosis was a positive bone biopsy.  The authors found that WBC count, percent 
neutrophils in peripheral blood, and CRP were all inaccurate at distinguishing DFO from non-
osteomyelitis cases.  While ESR was the most accurate biomarker, it achieved an 83% sensitivity 
and 71% specificity at its best cut-point, which would not substantively alter post-test 
probabilities in individual patients unless the pre-test probability was already quite low (a 15% 
pre-test probability would become a 4% post-test probability).52 

Moallemi et al. also found limited accuracy (sensitivity and specificities of 60%-70%, 
positive and negative likelihood ratios 2 and >0.5, respectively) for ESR and CRP in diagnosing 
DFO.53   
 Lavery et al. evaluated 353 patients with DFI, of which 176 had DFO.54  Of note, they 
excluded patients with comorbid conditions that could have falsely elevated ESR and CRP 
results in an attempt to optimize testing accuracy.  The referent standard was MRI or SPECT 
scan and bone biopsy.  The investigators evaluated multiple cut-points of ESR and CRP and 
found none that yielded good discriminatory results.  At their optimal cut points, sensitivity, and 
specificity of ESR were only 74% (95% CI, 67%-80%) and 56% (95% CI, 48%-63%), 
respectively; sensitivity and specificity of CRP were only 49% (95% CI, 41%-57%) and 80% 
(95% CI, 74%-86%), respectively.  Especially given that these accuracies are inflated by 
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exclusion of patients with comorbidities associated with inflammation, these results cast 
considerable doubt on the utility of ESR and CRP as a diagnostic tool for DFO. 

Finally, a study of 90 patients determined that procalcitonin had greater accuracy than 
ESR or CRP at diagnosing DFO, with MRI again the referent standard.101  However, the overall 
levels of procalcitonin (PCT) were 0.13 +/- 0.02 ng/ml in patients with osteomyelitis, whereas 
typically levels of >0.5 are used to distinguish the need for continuation of antibiotics.  Hence, 
the procalcitonin levels were quite low, and within the range that would not typically be used to 
support antibacterial therapy. 

Several systematic reviews have also sought to define the accuracy of inflammatory 
biomarkers at diagnosing osteomyelitis, with conflicting findings.   Victoria van Asten et al. 
reviewed eight studies of patients with DFO and found that only ESR was accurate at diagnosing 
osteomyelitis; CRP, procalcitonin, and various inflammatory cytokines (e.g., interleukins IL-2, 
IL-6, IL-8, and tumor necrosis factor (TNF)) were not.55  They reported a higher sensitivity and 
specificity of ESR in this setting than other studies cited above, with sensitivity and specificity of 
81% (95% CI, 71%-88%) and 90% (95% CI, 75%-96%), respectively.  In contrast, in their 
review of the literature, Markanday found lower accuracies, reporting sensitivities and 
specificities for both ESR and CRP in the 70-80% range for DFO.56  
 
Percutaneous Bone Biopsy (PBB) 
PBB may be useful to help make the diagnosis of DFO and guide antimicrobial therapy when 
surgical intervention is not planned.  An 11-study systematic review of patients with DFO found 
that the pooled proportion of culture-positive PBB was 84% (95% CI, 73%-91%).102  There was 
extensive heterogeneity, however after excluding two studies with very high proportions of 
positive culture results, the pooled proportion of culture positive PBBs was more conservatively 
estimated at 77% (95% CI, 68%-85%). 

While culture yields may be relatively higher for patients with suspected DFO compared 
to other sites of osteomyelitis,103 the systematic review highlighted limitations that should be 
considered.  First, studies seldom reported the technical aspects of biopsied procedures (e.g., 
needle gauge size).  Second, ulcer severity scores were under-reported.  Third, only one study 
provided methods for identifying or defining contaminants.  Finally, concerns have been raised 
about lower culture yields when received antibiotics prior to the biopsy occurring.  The relative 
timing of antibiotic exposure to biopsy is discussed in Section 2. 

As for biopsies for osteomyelitis outside the context of DFO (see above), PBB specimens 
tend to have higher rates of positive histopathology than cultures.  For example, Tardaguila-
Garcia et al. compared the sensitivity and specificity of bone histopathology and culture in 52 
patients for whom clinicians had a suspicion for DFO.104  A limitation of this study was that no 
specific referent standard was used to identify confirmed osteomyelitis.  Suspicion was based on 
a positive PTB test with serial plain films.  Biopsies were obtained after cessation of antibiotics 
for 48-72 hours, and then after surgical debridement of surface materials.  Thirty-six patients had 
a positive microbial culture from the bone biopsy, compared to 47 patients who had 
histopathological evidence of osteomyelitis.  Thus, cultures were less sensitive than 
histopathology, but it is not possible to determine the precise accuracy of histopathology from a 
focal biopsy in the absence of a referent standard. 

Furthermore, there may be considerable variation between pathologists when diagnosing 
osteomyelitis.  In one study of four pathologists independently reviewing 39 cases of suspected 
osteomyelitis, the kappa coefficient for concordance was only 0.3 (1/3 correspondence rate), 
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which is indicative of only fair agreement.105  Consistency may be improved when pathologists 
use a standardized framework for diagnosis.106 

Similarly, concordance between surface swabs and deep bone biopsies are poor and 
underscore the lack of utility of surface swabs for diagnosing DFO.  For example, Senneville et 
al. reported the results of bone biopsy from 76 patients with DFO.107  The concordance of surface 
swab culture compared with a culture of a percutaneous bone biopsy specimen was only 23%. 
They subsequently published a review of two other studies comparing superficial swabs to bone 
or deep tissue cultures in which concordance was only 19% and 38%, respectively.108  The 
investigators concluded that superficial swab cultures should not be performed.  Similarly, 
concordance between surface swabs and deep bone biopsies are poor and underscore the lack of 
utility of surface swabs for diagnosing DFO. 

Finally, non-culture-based molecular diagnostics are promising but cannot be routinely 
recommended as part of a biopsy panel at this time.  A study by Malone et al. evaluating peptide 
nucleic acid fluorescence in situ hybridization (PNA FISH) of proximal tissue margins of 
surgical resections found 8/14 (57%) specimens without growth had a positive result.109  Despite 
finding bacteria in proximal clean margins, there was no data suggesting worse outcomes.  Also, 
contamination at the time of specimen collection or during subsequent handling could lead to 
false positive results.  Time to results, cost, and interpretations are barriers to using these newer 
diagnostics. 

As for other types of osteomyelitis, the number of biopsies to optimize diagnostic 
sensitivity and specificity is of interest for the future study. 
 
 
Osteomyelitis with PJI  
 
Overview 
There is no uniformly accepted diagnostic criteria for PJI. There have been multiple attempts to 
develop diagnostic criteria for PJI, including the Musculoskeletal Infection Society (MSIS) 
initial definition in 2011, followed by the modified International Consensus on Musculoskeletal 
Infection (ICM) criteria initially in 2013, revised in 2018, and more recently, the European Bone 
and Joint Infection Society (EBJIS), now endorsed by MSIS as well.110-114  These definitions are 
based on clinical characteristics, blood biomarkers, synovial fluid studies, microbiology tests, 
and histology results with various cut off values to define PJI.  In these various classifications, 
there are a few criteria that, if present alone, are proposed to confirm the presence of PJI.  
Combinations of findings and various cutoff values are considered for probable infection or to 
rule out infection.  Furthermore, in the absence of a referent standard for diagnosis, it is difficult 
to determine the true accuracy of any of the proposed schema for diagnosing PJI. 

Additional caveats include potential variation in accuracy of diagnostic lab criteria based 
on the timing of the laboratory studies relative to surgery, because the diagnostic lab criteria can 
be influenced by the post-operative state itself or variations in surgical management. 
Furthermore, while PJI of the hips and knees are the most common and widely studied, the utility 
of the diagnostic criteria may differ among other arthroplasties. 
 
Clinical Signs 
PJIs can present in many ways, ranging from asymptomatic loosening of the joint, to fever, joint 
redness, and systemic sepsis.  However, the presence of a sinus tract directly communicating 
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with the joint, or external visualization of the prosthesis, is considered by diagnostic algorithms 
to be definitive for the diagnosis of PJI.  Aside from intraoperative cultures obtained for the 
purpose of guiding antimicrobial therapy, further diagnostic studies are not considered 
necessary.110-113,115,116  We emphasize that there are no good data to establish the accuracy of the 
presence or absence of a sinus tract, nor to validate it as a referent standard for diagnosis.  
However, it is a commonly accepted standard in clinical practice.  
 
Imaging Studies 
Published sensitivity and specificity of individual studies for diagnosing PJI (Table 1) should be 
considered cautiously given the absence of an optimal referent standard.  Thus, these numbers 
are uncertain estimates, which may also account for the wide variations in reported sensitivity 
and specificity. 

Several reviews have concluded that WBC scintigraphy and MRIs may have the best 
overall accuracy of the various radiologic techniques for detecting PJI.58,117  Plain X-rays are not 
accurate for the diagnosis, with sensitivity and specificities reportedly as low as 14% and 70%, 
respectively.58  X-rays may be indicated, however, in the evaluation of a painful prosthetic knee 
joint to exclude non-infectious pathology and hardware complications.  CT scans may have 
superior accuracy, although data are limited, and the scatter from the prosthetic material may 
affect interpretability. 

Nuclear medicine scintigraphy and tagged white cell scans have had sensitivities and 
specificities for PJI ranging from 69%-94% across numerous studies.58  Tagged white cell scans 
had the highest accuracy among nuclear medicine studies, with sensitivities and specificities 
>90%.58,64,65  PET and SPECT scans may have promise in diagnosing PJI; however, the data are 
limited and somewhat mixed.  In one study of 130 patients with painful prosthetic hips, PET scan 
was 95% sensitive but only 39% specific for detecting PJI.66  Plate et al. reported a sensitivity of 
78% and specificity of 94% for SPECT for diagnosing osteomyelitis, including PJI among 26 
cases.118  In contrast, Wenter et al. reported a sensitivity of 86% but a specificity of only 67% for 
diagnosing 101 cases of PJI among 215 patients with prosthetic complications.119 

In a systematic review of 13 studies evaluating the accuracy of various diagnostic tests 
for PJI, PET scans had a sensitivity and specificity ranging from 80%-90% each.120  In another 
systematic review of 11 studies, PET scans had a sensitivity and specificity of 82% and 87%, 
respectively, but with statistical heterogeneity between the included studies. 

In a review of four studies of MRI for PJI, the sensitivity ranged from 65%-92% and 
specificity ranged from 85%-99% for knee PJI, and while sensitivity and specificity were 94% 
and 97% for hip PJI.58  Other studies have been concordant, with sensitivities of 78%-86% and a 
specificity of 73%-90%.59,60 
 
Inflammatory Biomarkers 
Ahmad et al. conducted a meta-analysis from 278 clinical studies comprising 27,754 patients 
with PJI and found that the pooled sensitivity and specificity for diagnosing PJI was only 75% 
and 70% for ESR and 88% and 74% for CRP.120  IL-6 accuracy was higher, with a sensitivity 
and specificity of 97% and 91%.  However, IL-6 levels are not available in most hospital 
laboratories.  Finally, Berbari et al. conducted a meta-analysis of 30 studies (n = 1,270 patients 
with PJI) and reported pooled sensitivity and specificities of 75% and 87% for ESR and 97% and 
74% for CRP.69  In other studies of PJI, CRP has been well described to be falsely negative, 
particularly for patients with more indolent pathogens.70 
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D-dimer, a fibrin degradation product, has recently been evaluated as a potential 
biomarker for PJI.  For example, a single-center prospective study of 245 patients total 
undergoing primary or revision arthroplasty for aseptic or septic failure were included, and all 
had D-dimer, ESR, and CRP drawn pre-operatively.121  Using a cutoff of 850 ng/ml, D-dimer 
was found to have a sensitivity of 89% and a specificity of 93%, significantly higher than either 
ESR or CRP in this study.  While this biomarker may be promising, the fact that D-dimer is 
known to be elevated in many conditions, including various types of thrombosis and hematoma, 
raises concerns about the generalizability of this single report.  Further studies are needed to 
determine the validity of these findings.  
 
Synovial Fluid Studies 
Included in all of the major PJI algorithmic definitions are synovial fluid WBC count, and 
percentage of polymorphonuclear cells (PMNs) with varying diagnostic cut-offs proposed, based 
on numerous observational studies.110-114  It is important to note that the various synovial WBC 
cutoffs for PJI are much lower than those for native septic arthritis.122  Additionally, the synovial 
fluid WBC count and differential have been shown to change over time, with synovial fluid 
WBC count and neutrophil percentages significantly elevated early in the post-operative period, 
which may lead to false positive results depending on the cutoff used.123  Qu et al. performed a 
meta-analysis including 15 studies and 2,787 patients and found pooled sensitivity/specificity for 
diagnosing PJI using synovial fluid WBC count was 88%/93%, and for synovial fluid PMN% the 
sensitivity/specificity were 90%/88%, respectively.71 
 At the time of arthrocentesis, synovial fluid is often sent for microbiologic culture.  There 
is significant heterogeneity in culture techniques across institutions, microbiology labs, and 
internationally, and thus the diagnostic utility of culture can vary.  However, in a meta-analysis 
by Lee et al. of five studies including 509 patients evaluating the utility of culture in diagnostic 
arthrocentesis, the sensitivity was found to be poor at 62%, but the specificity was high at 94%.72 
It is unknown whether direct inoculation into blood culture bottles might improve diagnostic 
yield as it does for other sterile sites. 
 
Synovial Fluid Leukocyte Esterase (LE) 
LE is an enzyme secreted by activated neutrophils at the site of an infection and can be detected 
on a colorimetric test strip similar to that used in the detection of urinary tract infections, with the 
advantage of being inexpensive and providing real-time results if used in a point-of-care 
fashion.124  Li et al. recently published an updated meta-analysis evaluating the diagnostic 
accuracy of LE for PJI.125  They identified 17 studies involving a total of 1,963 patients 
(including 571 PJIs) and obtained a pooled sensitivity and specificity of 90% and 96%, 
respectively, for diagnosing PJI.  A small study of 61 patients demonstrated the test retained its 
specificity even in the setting of adverse local tissue reactions seen after metal-on-metal total hip 
arthroplasty, which is known to potentially generate purulent synovial fluid.126  One caveat is 
that the test is invalidated by blood contamination in synovial fluid without centrifugation prior 
to use.115  It has been included in the recent MSIS and ICM definitions for PJI. 
 
Other Synovial Fluid Biomarkers  
Alpha defensin is a small peptide that is also secreted by activated neutrophils in the setting of 
infection, exhibiting antimicrobial effects against a spectrum of pathogens.115  In the same meta-
analysis mentioned above by Li et al., the diagnostic validity of alpha defensin in PJI was 



 
 

© 2022 Spellberg B et al. JAMA Network Open. 

examined.125  The review identified 21 studies with a total of 1,928 patients (and 650 PJIs), of 
which eight studies used a lateral flow assay, 12 studies used a laboratory-based immunoassay, 
and one study did not report on the testing methods.  The pooled sensitivity and specificity of 
alpha defensin for diagnosing PJI were 89% and 96%, though significant heterogeneity was 
observed between samples due to differences in patient sample size and method of detection.  
False positives can occur in metallosis or in acute gout.127  This test is included in the updated 
MSIS and ICM criteria for PJI, though its use in arthroplasty at sites other than the hip or knee, 
or its cost effectiveness are not yet known.115 
 While serum and synovial fluid levels of CRP have been shown to correlate, a recent 
meta-analysis by Wang et al. included six studies comprising a total of 456 participants, and 
found a pooled sensitivity and specificity of 92% and 90% of synovial fluid CRP for PJI, which 
was superior to serum CRP.128  However, there was heterogeneity in the platforms and cutoff 
values used, and larger studies are needed to confirm the utility prior to its implementation 
routinely in the diagnosis of PJI.  Similarly, synovial fluid IL-6 has been to be more specific than 
serum IL-6 levels.  A meta-analysis of 17 studies describing PJI diagnosis using serum and 
synovial fluid IL-6 demonstrated that synovial fluid IL-6 had a sensitivity and specificity of 91% 
and 90%, which was notable for a higher sensitivity than serum IL-6 and comparable 
specificity.129  IL-6 is likely not available for use routinely in most clinical laboratories, but may 
be in the future if further studies evaluate the optimal cutoff for use.  While many of these 
synovial fluid biomarkers show promise, it is not yet known whether they improve the diagnosis 
of PJI compared to more conventional tests such as synovial WBC count, PMN%, and 
histopathology, or whether they will prove to be cost-effective. 
  
Intraoperative Testing: Histopathology 
Histologic exam of intraoperative frozen section to assess for acute inflammation is another 
diagnostic tool used by surgeons, particularly when pre-operative results are equivocal for PJI, or 
at time of revision surgery to avoid implanting a new joint into an infected site.  In 2013, Tsaras 
et al. performed a systematic review and meta-analysis of studies comparing the performance of 
frozen section histology to simultaneously obtained microbiologic culture at the time of revision 
hip or knee arthroplasty.116  The review of 26 studies, including 3,269 patients of which 796 
(24.3%) had a culture-positive PJI, found that the positive likelihood ratio was an impressive 
12.0 for ruling in PJI, whereas the negative likelihood ratio was a less impressive 0.23.  They 
reported no difference when comparing studies using thresholds of five vs. ten PMNs per high-
power field.  There was significant heterogeneity among pooled studies, which is at least 
partially reflective of the highly operator-dependent nature of frozen section sample preparation 
and interpretation.  Another meta-analysis by Zhao et al. also found no statistical difference in 
the diagnostic odds ratio when comparing a cutoff threshold of five vs. ten PMNs per high-power 
field.130  Thus, data suggest that a diagnostic threshold of either five or ten PMNs per high-power 
field in each of five high-power fields can help diagnose or rule out PJI at the time of revision 
arthroplasty.  It is unknown whether these thresholds apply to joints other than the hip or knee, or 
the performance other than at the time of revision arthroplasty.131 

Additionally, lower virulence organisms, such as Cutibacterium acnes (formerly 
Propionibacterium acnes), may fail to induce a neutrophil response or acute inflammation, and 
consequently, the sensitivity of this method in these situations is likely lower.  However, 
neutrophilic infiltrates and, thus false positive results, can also be seen in the setting of 
periprosthetic fracture or inflammatory arthritis in the absence of infection.115  
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Culture and Gram Stain 
A prospective study of 117 patients who underwent revision hip or knee arthroplasties, 
performed for septic or aseptic reasons, compared the performance of tissue cultures vs. swabs in 
diagnosing PJI.  The study reported a higher accuracy for tissue cultures relative to swab cultures 
(sensitivity 93% vs. 70%, and specificity 98% vs. 89%, respectively).132  In a prospective study 
by Atkins et al. evaluating 297 patients who underwent revision hip or knee replacement at a 
single institution, three or more positive cultures were reported to have a sensitivity of 66% and 
specificity of 99.6% when compared to the presence of acute inflammatory cells in specimens 
examined histologically.133  Through the use of mathematical modeling, they suggested that 
obtaining five or six intraoperative tissue specimens for culture would result in a sensitivity of 
>80% and a specificity of >90% for detecting PJI with two or more specimens positive for the 
same organism.  They also found that Gram stains had a very low sensitivity of only 6%, though 
with a specificity of >99%.  Thus, negative Gram stains or culture results are not recommended 
to be used to rule out PJI.  
 
Special Methods and Molecular Diagnostics 
Few observational studies have assessed the role of special methods and molecular diagnostics 
for PJI.  Sonication of device material removed or debrided during PJI surgical management may 
be used in microbiology laboratories to culture etiologic pathogens.134  Stephan et al. evaluated 
90 patients with PJI to determine if prior antibiotics affected the yield of sonication-based culture 
methods.135  They found that cultures were positive in 86%, 81%, and 87% of patients who 
received peri-operative antibiotic prophylaxis, therapeutic antibiotics for ≥1 day prior to surgery, 
or no antibiotics prior to surgery, respectively.  Thus, they reported no impact of prior antibiotics 
on sonication-based culture yield for PJIs.  A more recent method to liberate bacteria from 
beneath biofilms in lieu of sonication involves addition of dithiothreitol to the prosthetic 
material.134  That method is less established than sonication but may result in similar diagnostic 
yield, which may be higher than culture results without sonication.134  Indeed, either sonication 
and addition of dithiothreitol has been shown to result in higher positive culture rates compared 
to cultures without these biofilm disruption methods.120,136-139 

However, studies are not uniform, and some have indicated that sonication does not 
increase culture yield compared to adequate culture of periprosthetic tissue.140,141  Furthermore, 
there is extra cost and technician time required for sonication and dithiothreitol methods, and this 
extra cost and time may or may not meet cost-effectiveness thresholds in various clinical 
settings.142 

A recent systematic review of more modern concepts discussed PCR, sequencing, and 
metagenomics methods for establishing the microbial etiology of PJI.134  In individual studies, 
molecular diagnostics have been able to achieve higher rates of microbial identification than 
traditional culture.  As reviewed,134 some studies have reported that multiplex PCR and next 
generation metagenomic sequencing not only to have superior sensitivity and high specificity 
compared to traditional culture methods, they were also faster than traditional microbiological 
methods.143-147  However, the data are mixed, as multiple other studies have found that traditional 
culture performed similarly to molecular methods.134,141,148-154 

In a meta-analysis, the sensitivity and specificity of 16s RNA PCR was pooled across 15 
observational studies of patients with PJI.155  The pooled (95% CI) sensitivity and specificity 
were 70% (67%-73%) and 93% (91%-94%).  Sonication of the culture material before 
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application of 16s RNA slightly increased accuracy, with a sensitivity and specificity of 76% and 
93%, respectively.  In a second meta-analysis of 12 studies of 16s RNA PCR, the pooled (95% 
CI) sensitivity was 81% (73%-87%) and specificity was 94% (94%-97%).156  Antecedent 
antibiotics reduced the sensitivity of the PCR assay (71% vs. 94%).  Furthermore, the study 
found that sensitivity varied based on the method used, with Illumina sequencing achieving 
higher specificity than other methods (96% vs. 83%).  In a third meta-analysis of nine studies of 
sonication plus PCR, pooled sensitivities and specificities were 75% (95% CI, 71%-81%) and 
96% (95% CI, 94%-97%).157  Thus, the sensitivity and specificity of such molecular methods for 
establishing the microbial etiology of PJI appears to be approximately 70%-75% and 90%-95%, 
respectively. 

The primary advantage of broader, non-biased molecular sequencing methods may be to 
identify unusual or fastidious organisms that are difficult to culture by traditional methods.158,159  
However, a complication of these results is that it can be difficult to determine if the detected 
organism is an etiologic pathogen, and no reference standard is available to clarify this issue. 
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Question 2: What is the appropriate management for osteomyelitis underlying a pressure 
ulcer? 
 
Executive Summary: 
No RCTs and only a limited number of observational studies have evaluated the optimal 
management of osteomyelitis underlying a pressure ulcer.  Deep bone biopsies often demonstrate 
fibrotic bony remodeling, without histopathological evidence of osteomyelitis, even in bone 
exposed for months to years.  Unfortunately, biomarkers (e.g., ESR, CRP), imaging studies (e.g., 
X-rays, CT scans, nuclear medicine, MRI), and surface cultures are not accurate at diagnosing 
osteomyelitis underlying a pressure ulcer and we do not recommend routinely obtaining such 
studies.  Histopathology of deep bone biopsy is the referent standard for diagnosis.  However, 
there is no evidence that it is important to make a diagnosis of osteomyelitis underlying a 
pressure ulcer unless there is a plan to surgically close the wound, as studies have not identified a 
therapeutic benefit, and suggest harm, of antibiotics in the absence of surgical wound closure.  If 
there is no plan to surgically close the wound, therefore, routinely obtaining a bone biopsy and/or 
administering antibiotic therapy due to concerns of osteomyelitis is unlikely to be of benefit, and 
may be harmful. 

If there is a plan to surgically close the wound, a reasonable overall multidisciplinary 
management plan includes: nutritional optimization; local wound care via specialists (e.g., 
advanced practice nursing); debridement to remove necrotic material; bone biopsy to determine 
the histologic and microbiologic diagnosis of osteomyelitis or not; only if osteomyelitis is 
present, administration of antimicrobial therapy targeted by the deep bone biopsy (as underlying 
osteomyelitis may increase the risk of flap failure); surgical wound closure; pressure offloading; 
and addressing the psychosocial drivers leading to wound development and resulting in an 
increased risk of flap failure (e.g., malnutrition, smoking).  In the absence of planned surgical 
wound closure, the multidisciplinary plan should remain the same, except for the lack of need for 
bone biopsy and antibiotic administration.  When antimicrobials are administered, no data exist 
to guide selection of IV vs. oral administration or to support durations of therapy beyond 2 to 6 
weeks.  We emphasize that short durations (e.g., ≤1 week) of antibiotics are reasonable to treat 
acute soft tissue infections around a pressure ulcer, or acute sepsis syndrome, as opposed to 
osteomyelitis underlying the ulcer. 
 
Overall Summary: 
 
No RCTs have been published that define optimal diagnostic or management strategies for 
osteomyelitis underlying a pressure ulcer.20,21  However, observational studies of various 
designs, sizes, and quality have been published that evaluate aspects of the disease.   
 
Diagnosis of Osteomyelitis Underlying a Pressure Ulcer 
 
Histopathological analysis and bone culture 
Bone biopsy for histopathologic analysis remains the gold standard for confirming the diagnosis 
of osteomyelitis.  Surprisingly, despite classical teaching that exposed bone signifies 
osteomyelitis is present by definition, when exposed bone has been biopsied in published studies, 
osteomyelitis was present on histopathology in fewer than half of cases.20,21,160  Rather, in many 
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instances, what was identified on biopsy was fibrotic bony remodeling with medullary edema, 
which may be indistinguishable from osteomyelitis on imaging studies.160-162 

For example, Türk et al. examined histologic autopsy specimens of 28 patients with 
advanced-grade pressure ulcers, specifically those with visible bone.160  In 15 cases, 
osteomyelitis was not detectable histologically.  In the remaining 13 cases with osteomyelitis, 
disease was generally focal and superficial.  Osteomyelitis has been described to be absent 
frequently even in bone exposed for months to years, and no correlation has been found between 
the duration of bone exposure and the risk of osteomyelitis.160-162  As bony remodeling rather 
than osteomyelitis was described the majority of instances of exposed bone,160-162 perhaps it is 
not surprising that alternative methods of diagnostic testing have been found to be highly 
inaccurate at detecting osteomyelitis underlying pressure ulcers.20 

Skin and open ulcers are invariably colonized by bacteria, so superficial cultures are 
expected to yield bacterial growth.  Thus, wound swabs or cultures taken from superficially 
debrided material are not helpful in establishing diagnosis, as organisms recovered are often 
colonizers and not true pathogens.163,164  Indeed, surface cultures are inaccurate at determining 
whether infection is present in deeper bone, or, if present, at predicting which bacteria are 
etiologic for osteomyelitis in deeper bone.163,164  One systematic review of four studies compared 
the accuracy of microbial culture to bone histopathology for the diagnosis of osteomyelitis 
underlying pelvic pressure ulcers.164  In the four studies, tissue and bone cultures were reported, 
with the latter obtained by percutaneous or surgical bone biopsy.161,162,165,166  However, in three 
of the studies surface material was not debrided prior to the needle biopsy of bone;161,162,165 in the 
remaining study, surface material was debrided before a surgical biopsy of bone was obtained.166  
The diagnostic performance of microbial culture varied widely across the studies, with 
sensitivities of 18% to 100% and specificities of 43% to 100%, likely reflecting different 
definitions of commensal vs. pathological organisms and/or different methodologies of obtaining 
cultures. 

Thus, rather than having diagnostic utility, the primary purpose of bone cultures is to 
guide antibiotic selection for therapeutic purposes.  As such, we do not recommend routinely 
obtaining bone cultures unless they are from a deep bone biopsy that confirms osteomyelitis and 
there is a plan to definitively treat the infection with culture-driven antibiotics (see below).  If 
bone cultures are obtained, it is logical to collect them after debriding surface material to 
decrease the burden of confounding bacterial colonizers. 
 
Blood biomarkers and acute phase reactants 
Soft tissue edema around exposed bone can trigger low level inflammation, and one study found 
typical biomarkers, such as leukocytosis, ESR, and CRP, to be neither sensitive nor specific for 
distinguishing the presence or absence of osteomyelitis underneath pressure ulcers.165  In the 
absence of any studies indicating that these tests are accurate for diagnosing osteomyelitis 
underlying pressure ulcers (as for other types of osteomyelitis, see Section 1), we do not 
recommend routinely ordering biomarkers for this purpose. 
 
Imaging studies 
Unfortunately, imaging studies are also not accurate for diagnosing osteomyelitis beneath a 
pressure ulcer, likely because they cannot distinguish bony remodeling from infectious 
osteomyelitis.20,21,164,167  Specifically, plain X-rays, CT scans, and nuclear medicine studies had 
sensitivities of 60% or less when compared to bone biopsies in observational studies.164,168-170  
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Specificities of these tests varied widely in published studies (ranging from 11% to 100%).  
While specificities were higher in studies comparing these tests to clinical diagnosis,164 clinical 
diagnosis is known to be inaccurate,164 and hence specificities of imaging tests compared to 
anything other than bone biopsy are difficult to interpret.  The finding of destroyed bone on 
imaging is likely more specific for osteomyelitis, but is a very late finding, and thus uncommon, 
which may also account for variations in the specificity in the published observational studies. 

Given these limitations, we do not recommend routinely obtaining such imaging 
modalities for diagnosing osteomyelitis underlying pressure ulcers.  If bony destruction is 
incidentally observed on plain radiography or CT scan obtained for other reasons, it may indeed 
strongly suggest the presence of osteomyelitis.  Such information should then be incorporated 
into an overall management strategy dependent primarily on whether there is a plan to surgically 
close the wound (see below). 
 In several studies, MRI had a sensitivity in excess of 80%-90% for detecting 
osteomyelitis underlying pressure ulcers.166,167,171  However, its specificity was very poor (17%-
22%) compared to the reference standard of bone biopsy.164,166,167  Again, this poor specificity is 
likely due to inability of MRI to distinguish osteomyelitis from the reactive remodeling that 
occurs in exposed bone.  Therefore, despite having a relatively high sensitivity overall, due to 
poor specificity, MRIs have low positive and negative likelihood ratios (≤2), which are not 
adequate to meaningfully shift pre-test probability of osteomyelitis underlying a pressure ulcer in 
most patients. 
 
Summary of diagnostic approach 
A critical point is that the diagnosis of osteomyelitis underlying a pressure ulcer is only 
important to make if such a diagnosis will alter the management plan for the patient.20,21  As 
discussed below, absent the intent to surgically debride and definitely close an open wound, it is 
not clear that treatment of osteomyelitis with antibiotics improves the long-term outcomes of 
pressure ulcers (but evidence suggests antibiotic therapy may perversely worsen outcomes 
without closing the wound).  A standard wound care and debridement management plan should 
be implemented irrespective of the presence of osteomyelitis.  Thus, it may be futile to order 
diagnostic testing outside the setting of a plan to close the wound, as detecting osteomyelitis 
(even if one could accurately do so) would not alter the clinical management plan. 
 In summary, based on the limited retrospective data available, we do not recommend the 
routine use of biomarkers (including WBC count, ESR, CRP) or X-rays, CT or nuclear medicine 
imaging, or surface cultures to diagnose osteomyelitis underlying pressure ulcers.  MRIs may 
only be useful in planning for definitive surgical debridement and wound closure as part of a 
comprehensive management plan, as delineated below.  While it may seem as though a negative 
MRI could suggest a lack of osteomyelitis, obviating the need for more invasive testing, with a 
negative likelihood ratio of ≤2, a negative MRI shifts the published pre-test probability of 
approximately 50% of osteomyelitis for those with stage-4 pressure ulcers to a post-test 
probability of approximately 33%, which is inadequate to exclude the diagnosis.  Even with a 
pre-test probability of only 25%, a negative MRI would shift the post-test probability to 17%, 
still inadequate to exclude the diagnosis. 

The only diagnostic test that is of demonstrated value for osteomyelitis underlying a 
pressure ulcer is bone biopsy.  Furthermore, in the absence of a plan to provide definitive wound 
closure, we do not recommend a bone biopsy to establish a diagnosis of osteomyelitis, as it is not 
clear how such a diagnosis would alter management.  In contrast, if there is an intent to 
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administer definitive therapy, including surgical wound closure, it is reasonable to consider 
surgical debridement of the wound, enabling deep bone biopsy for histopathology as the primary 
diagnostic modality to detect osteomyelitis.  In this case, bone biopsy cultures should also be 
sent to enable targeting of antimicrobial therapy as part of the comprehensive management plan. 
 
Treatment of Osteomyelitis Underlying a Pressure Ulcer 
Two systematic reviews of pressure-ulcer associated osteomyelitis, published in infectious 
diseases and orthopedic surgery journals, failed to identify any literature demonstrating a 
therapeutic benefit of antibiotics alone for osteomyelitis underlying a pressure ulcer; antibiotics 
had a positive effect only when administered in conjunction with definitive interventions to 
debride and close the wound.20,21  Antimicrobial agents may be rationally administered to treat 
an acute soft tissue infection around the wound, and in this case should be administered for only 
a brief period of time (e.g., ≤ 1 week) to treat an acute bacterial skin and/or skin structure 
infection, or sepsis syndrome, rather than an osteomyelitis.  Exposure of patients to antibiotics 
for longer durations without surgical debridement and wound closure could increase their risk of 
harm (e.g., adverse events), as well as promote the emergence of antibiotic-resistant pathogens 
that colonize the wound, creating risk for future antibiotic-resistant super-infections.20 
 Indeed, in multiple observational studies of both adults and children, infectious or wound 
healing outcomes were not influenced by antibiotic administration (including route or duration) 
or the presence of osteomyelitis, particularly without surgical wound closure.162,163,168,172-176  
However, prolonged antibiotic administration (e.g., 6 weeks), and failure to address pressure off-
loading, were associated with increased harm, including more frequent wound breakdown, ulcer 
recurrence, and longer hospitalization.172,175,176 

Conversely, multiple observational studies of both adults and children have found 
substantially better wound and flap healing outcomes of osteomyelitis underlying a pressure 
ulcer when managed via a comprehensive plan including medical, psychosocial, and surgical 
approaches.163,168,172,175-179  Such plans have included surgical debridement to the level of 
healthy, viable tissue, obtaining deep cultures intraoperatively to guide subsequent antimicrobial 
therapy, definitive surgical wound closure, and psychosocial/behavioral interventions to alter 
pressure dynamics to prevent reopening of the wound and/or failure of the flap.20,21  Of note, in 
one of the largest observational studies of wound closure by flap (n = 276 patients), multivariate 
analysis found that low body mass index (likely reflective of malnutrition), smoking, ischial 
pressure ulcers (vs. other body sites), and presence of osteomyelitis in the wound before flapping 
predicted wound dehiscence and/or flap failure/ulcer recurrence.179  For pressure ulcers near the 
perineum or in locations frequently contaminated by stool, small observational studies have 
shown that performing an elective colostomy for fecal diversion is associated with decreased 
ulcer recurrence rate and need for subsequent operations, leading to an improved patient quality 
of life.180,181  Thus, risk factors should be considered when optimizing patients for definitive 
surgical wound closure. 
 Barring surgical wound closure, no data demonstrate that the presence of osteomyelitis 
underlying a pressure ulcer predicts a change in likelihood of ulcer healing or recurrence.  Even 
the finding of a positive intraoperative bone culture did not alter the future risk of flap failure in 
one observational study.167  Nor do data demonstrate that administration of antibiotics in this 
setting, or giving longer courses of antibiotics or IV instead of orally, improves the healing or 
reduces recurrence of ulcers in this setting.  However, as mentioned, several studies have found 
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that giving antibiotics, and longer courses of them, is associated with harm in the absence of 
surgical closure of the wound, including increased wound breakdown.172,175 
 Thus, in the absence of evidence for a therapeutic benefit and with data demonstrating 
potential harm, we do not recommend routinely administering antibiotics as a treatment for 
osteomyelitis underlying a pressure ulcer without an intent to both surgically debride and provide 
definitive wound closure.  The primary therapeutic modalities for patients who are managed 
conservatively include local wound care, pressure offloading, and addressing the 
psychosocial/behavioral drivers leading to wound development and resulting in an increased risk 
of flap failure (e.g., malnutrition, smoking).  We also do not recommend routinely ordering 
testing to diagnose osteomyelitis in this setting, as it will not change clinical care or 
management. 

Furthermore, we note that even with implementation of a multi-modal, multi-disciplinary 
approach, there are no data to indicate that antibiotic administration reduces the risks of flap 
failure or recurrence of the wound/ulcer, nor are there data to guide the duration of antibiotic 
administration in this setting.  Nevertheless, given that osteomyelitis exacerbated the risk of 
subsequent wound flap failure in one large retrospective study,179 it is reasonable to administer 
adjunctive antimicrobial therapy to treat biopsy-confirmed osteomyelitis in the setting of a multi-
modal, multi-disciplinary approach, including definitive wound closure with curative intent. 

In cases where an aggressive strategy is taken, a reasonable multi-pronged approach 
based on a limited number of observational studies could include: 1) nutritional optimization (to 
support wound healing); 2) surgical debridement down to healthy tissue followed by obtaining 
surgical bone Gram stain, cultures, and histopathology; 3) definitive surgical wound closure; and 
4) psychosocial interventions that include pressure off-loading, education, and treatment of 
tobacco use disorder, depression, or other psychological factors that may impede wound 
healing.20,21  In situations where surgical wound closure is not intended, the same multi-pronged 
approach to management still applies, although obtaining bone biopsy for culture and 
histopathology and prescribing antibiotics should be avoided.  Periodic debridement of necrotic 
or non-viable tissues and wound care remain important strategies for decreasing complications, 
including acute skin and soft tissue superinfection, even when curative approaches are not 
pursued.  

In the setting of such a multi-faceted approach with surgical wound closure, and with 
confirmation of osteomyelitis on intra-operative histopathology, durations of antibiotics should 
generally not exceed 6 weeks (see section 7 for a full discussion on antibiotic durations for 
osteomyelitis), and some have suggested that courses may be as short as 2 weeks for superficial, 
cortical osteomyelitis.163,182,183  Antimicrobial therapy may be administered orally in patients 
who are likely to absorb the medications and for whom an oral regimen will be active against the 
etiologic pathogens (see section 5 for a full discussion on oral antibiotic therapy for 
osteomyelitis).16,184  The choice of antimicrobial agent should be individualized based on patient 
comorbid factors, allergies, and microbial type and antimicrobial sensitivities.  
 We emphasize that this guideline focuses on the diagnosis and management of 
osteomyelitis underlying pressure ulcers specifically, not including the management of acute skin 
and soft tissue infections that can complicate pressure ulcers.  Diagnostic studies may be 
indicated to assess for infectious complications of wounds aside from osteomyelitis, such as 
abscesses, and antimicrobial therapy is appropriate for such infections, even in the absence of 
multidisciplinary plans for management of potential osteomyelitis. 
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Question 3: When should empiric therapy be administered in the treatment of 
osteomyelitis? 
 
Executive Summary: 
It is desirable to identify a microbial etiology of osteomyelitis whenever possible, as empiric 
antibiotic treatment without adequate cultures may lead to unnecessarily prolonged, broad-
spectrum antibiotic use.  Some observational studies suggest that administration of antibiotics 
prior to bone biopsy may modestly decrease yield of cultures for patients with osteomyelitis, 
including DFO and PJI.  Thus, presuming other microbiologic methods (e.g., blood cultures) 
have not already established an etiology, it is reasonable to delay initiation of antibiotic therapy 
until bone or joint microbiological samples can be obtained for culture.  However, the data are 
mixed, as other observational studies have not found an effect of pre-biopsy antibiotics on 
culture yield.  Furthermore, prior antibiotics are unlikely to alter histopathology results.  
Decisions regarding the delay of empiric therapy therefore balance potential harm due to the risk 
of progression of life-threatening infection (e.g., sepsis, bacteremia, necrotizing fasciitis) or 
impending spinal cord compression against the potential benefit of obtaining microbiological 
data.  Even if empiric antibiotics are initiated, subsequent biopsy, tissue, or synovial fluid culture 
may be helpful to establish a microbial etiology, enabling targeting therapy, as observational 
studies demonstrate some culture yield despite antecedent antibiotics. 
 
Overall Summary: 
 
Observational Data of Impact of Empiric Antimicrobial Therapy on Osteomyelitis 
There are limited data on the yield of bone biopsies in osteomyelitis and the effect of pre-biopsy 
antibiotics on pathogen recovery.  Overall, studies are retrospective in nature, small, and 
primarily focus on vertebral osteomyelitis.  In addition, the durations and/or spectrums of pre-
biopsy antibiotics were variable.  Nevertheless, several studies suggest that the diagnostic yield 
of biopsy may be diminished in cases of vertebral osteomyelitis with antecedent antibiotic use. 

In a retrospective study of 72 patients with confirmed vertebral osteomyelitis, of whom 
40 underwent 46 CT-guided biopsies, culture positivity was significantly lower among patients 
who had been treated with antibiotics in the previous 48 hours (23% vs. 60%, p = 0.013).185  
Similarly, in a case series of 20 patients with vertebral osteomyelitis, 8 of 20 (40%) patients 
received antibiotics before the biopsy, with only 2 of 8 (25%) growing an organism after 
antibiotic use, in comparison to 6 out of 12 (50%) cases in which an organism was isolated 
without antibiotic use.186 

However, other studies suggest that pre-biopsy antibiotics may not necessarily impact 
pathogen recovery.187-191  For instance, in a retrospective cohort study of 150 adult inpatients 
with hematogenous vertebral osteomyelitis conducted by Marschall et al., the association of pre-
biopsy antibiotics, which was defined as any antibiotic exposure within 14 days prior to biopsy, 
with negative culture results was not statistically significant (adjusted odds ratio (OR) 2.3; 95% 
CI, 0.8-6.2; p = 0.1).187 

Similarly, in a retrospective multicenter study of 104 patients, Wong et al. studied the 
effect of stopping antibiotics prior to biopsy and found that it had no significant effect on culture 
positivity when compared to patients with or without pre-biopsy antibiotics.190  Of note, the 
authors did not provide data on the precise time the antibiotics were stopped prior to biopsy (e.g., 
holding for 2 hours vs. 24 hours prior to biopsy might differ in result).  Furthermore, subgroup 
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analysis from Lopez Floro et al. found that when comparing patients who received a single dose 
of an antibiotic with patients who received longitudinal antibiotics prior to biopsy, patients who 
had multiple doses prior to biopsy had statistically significant lower culture positivity (p = 
0.004).188  Thus, single doses of antibiotics pre-biopsy may be less likely to affect culture results 
than multiple doses.  In addition, the match between the antibiotic used prior to the biopsy and 
the sensitivity profile of the organism can also negatively affect the culture positivity. 

In sum, although results from multiple studies are inconsistent and the definitions of pre-
biopsy antibiotics are not well-defined, several studies suggest that the culture positivity yield of 
biopsy may be diminished in cases of vertebral osteomyelitis with antecedent antibiotic use.  
Furthermore, for other diseases, such as bacteremia, receipt of antibiotics prior to culture 
generally reduces culture yields,192 and it is therefore likely that the sensitivity of bone cultures is 
also reduced by antecedent antibiotics.  However, no study demonstrated reduced sensitivity of 
histopathology results for the diagnosis of osteomyelitis with prior antibiotic therapy.  
 
Observational Data of Impact of Empiric Antimicrobial Therapy on DFO 
There is an overall paucity of data on the yield of bone biopsies in DFO and the effect of pre-
biopsy antibiotics on pathogen recovery.  Studies are retrospective in nature and small in size, 
with confounding variables and lack of standardization which make it difficult to compare them.  
In addition, several observational studies that focus on the microbiologic accuracy of bone 
biopsy excluded patients who received antecedent antibiotics within two weeks prior to bone 
biopsy, leading to overall minimal data being available on this subject matter. 
 Among three observational studies including patients who received antibiotics within two 
weeks of biopsy, the proportion of culture positive percutaneous bone biopsies (PBBs) was high, 
ranging from 83% to 99%.193-195  However, these high yields should be interpreted with caution 
because samples were often collected through the ulcer bed, and thus may include 
colonizing/contaminating microbes rather than true pathogens.  In contrast, in a study including 
75 biopsies of non-vertebral bones with clinical concern for osteomyelitis, among patients who 
received antibiotics within 24 hours of the biopsy, only 24% of cultures were positive.103  This 
compared to a positivity rate of 42% among patients who did not receive antibiotics within 24 
hours of biopsy, suggesting that pre-procedural therapy lowered culture sensitivity. 
 In a meta-analysis by Schechter et al., the proportion of patients who received antibiotics 
within two weeks prior to percutaneous bone biopsy (PBB) for a diagnosis of DFO ranged 
between 32% and 53%.102  In their analysis, they found studies that excluded patients who 
received antibiotics ≤2 weeks before the PBB reported positive cultures in 56% to 87% of 
patients, with a pooled (95% CI) positive culture rate of 72% (59%-83%).102,107,196-198  By 
comparison, studies that included patients who received antibiotics ≤2 weeks before the PBB 
report higher culture positivity from PBB, ranging from 83% to 99% with pooled (95% CI) 
positivity of 96% (84%-99%).193-195 

In other studies, duration and/or spectrum of pre-biopsy antibiotics were unclear.  
Aragon-Sanchez et al. reviewed 185 patients with osteomyelitis from 2002 to 2007 hospitalized 
in a diabetic foot unit.199  Patients initially treated for dry necrosis that became secondarily 
infected were excluded.  Preoperative diagnosis of osteomyelitis was based on PTB test through 
the ulcer and a radiological study of the foot.  All patients without penicillin allergies were given 
ampicillin-sulbactam, with the first dose at the time of anesthesia induction.  Bone culture was 
collected during surgical intervention.  One hundred and thirty-two patients (71.3%) received 
antibiotics prior to admission.  Only 20 cultures were negative; 154 specimens yielded an 
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organism.  The authors concluded that negative cultures were not related to previous antibiotic 
treatment (p = 0.1).  However, the potential impact of dose and duration were not clearly 
documented.  

In a multicenter, small RCT of 40 patients, the authors suggested delaying antibiotic 
administration until the availability of culture results in DFO did not affect clinical failure 
rates.39  This study included patients with DFO treated non-surgically.  Empiric therapy, mostly 
amoxicillin-clavulanate, was prescribed while waiting for culture results if the treating physician 
considered it necessary, which was the case in 18 patients (45%).  For the remaining patients for 
whom empiric therapy was not given, antibiotic therapy was initiated a median of 14 days (range 
5 to 19) after the bone biopsy.  Antibiotics were given orally for the full treatment course for 22 
patients (55%) or IV therapy was used for 5-7 days, then followed by oral therapy in 18 patients 
(45%).  Patients with or without empiric therapy had similar failure rates (6/18, 33% vs. 8/22, 
37%, respectively; p = 0.8). 

In contrast, a retrospective multicenter study from France reported that bone culture-
based antibiotic therapy was associated with higher remission rates [OR 4.8 (95% CI, 1-22.7), p 
= 0.04] in patients with non-surgically treated diabetic foot osteomyelitis.200  Therefore, while 
the data are mixed, when possible, it may be desirable to delay initiation of antibiotic therapy for 
stable patients until bone or deep tissue culture can be obtained. 
 
Observational Data of Impact of Empiric Antimicrobial Therapy on PJI 
Observational studies have shown preoperative therapeutic antibiotics are associated with a 
decrease in intraoperative culture positivity in patients with PJI.  In a retrospective, case-control 
study, 135 patients with culture-negative PJI were matched to 135 patients with culture positive 
PJI.201  The investigators reported that 64% of patients with culture-negative PJI and 25% of 
patients with culture-positive PJI received antibiotics within three months before the diagnosis of 
culture-negative PJI (OR 4.1; 95% CI 2.3-7.2).  The median duration of prior antibiotic treatment 
for culture-negative PJI was 35 days vs. 18 days for culture positive patients.  Cefazolin and 
ciprofloxacin were the most used antimicrobials (16% and 15% respectively).  The study found 
that patients with culture negative PJI were more likely to have received antibiotics within three 
months of their diagnosis (OR 4.1; 95% CI, 2.3-7.2), suggesting that pre-culture therapy might 
reduce sensitivity. 

Similarly, in a study of 182 patients with late PJI after total knee arthroplasty, in which 
65 patients received antibiotics prior to aspiration, the authors found that patients with pre-
aspiration antibiotic administration are more likely to have negative culture than those without 
antecedent antibiotics (26.4% vs. 12.9%; RR 2; 95% CI, 1.1-3.9; p = 0.046).202  Overall, patients 
who received pre-aspiration antibiotics also had lower values for serologic and synovial markers 
for PJI. 

Moreover, from a prospective trial of 331 patients with total knee or hip prostheses, in 
which 79 had PJI and 252 had aseptic failure, Trampuz et al. concluded that preoperative 
administration of antibiotics lowers the positive yield of both tissue and sonicate-fluid cultures 
from patients with PJI.203  The tissue culture sensitivity decreased from 76.9% to 47.8% to 
41.2% as the antimicrobial free interval before surgery decreased from greater than 14 days to 4-
14 days to less than 3 days (p < 0.001).  The same effect was observed in sonicated-fluid culture 
where culture positivity decreased from 82.1% to 87% to 58.8% as the antimicrobial-free 
duration trended lower, from greater than 14 days to 4-14 days to less than 3 days prior to 
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surgery (p = 0.1).  Of note, 9 of the 31 patients with negative tissue culture had antibiotic stopped 
greater than 14 days prior to surgery and 7 out of 9 patients had negative sonicate-fluid cultures. 

In contrast, two recent retrospective studies suggested antimicrobial therapy prior to 
surgery may not negatively impact intraoperative culture positivity.135,204  Therefore, future 
studies are needed to determine the optimal duration and/or the effect of withholding 
antimicrobial therapy prior to obtaining meaningful culture results for patients with PJI. 
 
Overall Conclusions 
On balance, although the data are mixed, multiple studies across all types of osteomyelitis have 
suggested a modest decrease in biopsy culture positivity with prior antibiotics.  However, none 
of these studies have suggested a reduction in positivity of histopathology.  Hence the risk of 
prior therapy is to reduce confirmation of microbial etiology, limiting ability to tailor 
antimicrobial therapy.  If other microbiological methods identify the etiologic pathogen, these 
considerations become superfluous.  Furthermore, for patients who are clinically unstable or 
have serious or life or limb-threatening infections in addition to suspected osteomyelitis, the 
risk:benefit of waiting for biopsy to initiate therapy may not be favorable, in which case empiric 
therapy should be administered without delay. 
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Question 4: Are there preferred antibiotics with which to treat osteomyelitis? 
 
a. Which empiric antimicrobial agents are preferred for osteomyelitis? 
 
Executive Summary: 
Based on observational and randomized controlled studies, aerobic gram-positive cocci, 
primarily S. aureus, have been the organisms most frequently isolated from culture in patients 
with osteomyelitis, including DFO.  Enterobacterales have been the predominant group of gram-
negative pathogens, with E. coli the most common.  Thus, when treating osteomyelitis, it is 
reasonable to empirically cover gram-positive cocci, primarily Staphylococcus spp., and gram-
negative bacilli if therapy cannot be delayed until culture availability (Table 2).  For DFO, many 
physicians add anaerobic activity; however, data are not available to determine the benefit or 
harm of this approach.  Pseudomonal activity is generally not necessary in treating osteomyelitis 
unless patients have been exposed to multiple prior courses of antibiotics, the wound is 
gangrenous, the organism has been previously cultured, the patient underwent a recent (e.g., < 3 
months) surgical procedure in a healthcare setting, or the patient has a specific site of infection 
particularly prone to P. aeruginosa (e.g., malignant otitis externa). 

For early, late, and hematogenous PJI, S. aureus and coagulase-negative Staphylococcus 
have been the most commonly isolated organisms.  Gram-negative bacilli, most commonly 
Enterobacterales, have also been regularly isolated.  Thus, reasonable empiric therapy for PJI of 
all stages generally includes coverage for gram-positive cocci and Enterobacterales.  Antibiotic 
regimens to treat early (< 3 months since procedure), but not later, PJI may include coverage for 
P. aeruginosa, although some authors feel this is not routinely necessary depending on local 
microbiology.  Anaerobes, such as Peptostreptococcus and C. acnes, are isolated infrequently.  
C. acnes is more often isolated in shoulder PJI compared to other joints, and thus would warrant 
empiric coverage for shoulder PJI; however, this is usually accomplished with anti-
staphylococcal coverage.  In all cases, local susceptibility profiles inform empiric therapy. 
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Table 2: Reasonable Empiric Antimicrobial Therapy Options with Published Data* 
 

Types of 
Osteomyelitis  

 Empiric IV 
Antibiotics† 

Alternative Empiric IV 
Antibiotics  

Empiric Oral AntibioticsΨ 

Osteomyelitis 
without a 
Retained 
Implant 

ceftriaxone 
 ±  

vancomycin 

Alternative to β lactam: 
fluoroquinolone 

Alternative to 
vancomycin: linezolid, 

daptomycin, or 
clindamycin 

TMP-SMX or clindamycinϕ or 
linezolidϕ or fluoroquinolone 

or doxycycline¥ 

 
± rifampin 

Diabetic Foot 
Osteomyelitis 

(DFO) 

ampicillin-
sulbactam or 
amoxicillin-
clavulanate  

or 
 ceftriaxone‡ ± 
metronidazole 

± vancomycin 

Alternative to β lactam: 
fluoroquinolone‡ ± 

metronidazole 

Alternative to 
vancomycin:  linezolid, 

daptomycin, or 
clindamycin 

amoxicillin-clavulanate 
or 

TMP-SMX or clindamycinϕ or 
linezolidϕ or fluoroquinolone 

or doxycycline¥  

± metronidazole‡ 
± rifampin 

 
Osteomyelitis with a Retained Implant (including PJI) 

< 3 months 
since 

procedure 
(early) 

(anti-pseudomonal 
 β lactam or 

ceftriaxone) + 
vancomycinξ 

Alternative to β lactam: 
fluoroquinolone  

Alternative to 
vancomycin: linezolid, 

daptomycin, or 
clindamycin  

  

 

fluoroquinolone ± rifampin 

or 

If gram-positive confirmed: 

TMP-SMX or clindamycinϕ or 
linezolidϕ or doxycycline¥ 

± rifampin 

≥ 3 months 
after 

procedure 
(later onset) 

ceftriaxone + 
vancomycinξ 

Alternative to β lactam: 
fluoroquinolone  

Alternative to 
vancomycin: linezolid, 

daptomycin, or 
clindamycin  

 

TMP-SMX or clindamycinϕ or 
linezolidϕ or fluoroquinolone 

or doxycycline¥ 

 
± rifampin 

* This table addresses reasonable therapies with published data to be administered in the absence of 
available Gram stain, culture, histopathology, or other guiding information that enable targeted 
therapy.  Biopsies should be obtained for such information prior to initiation of therapy when the 
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Overall Summary: 

risk:benefit ratio is favorable, see question 3 for a thorough discussion of initiation of empiric therapy vs. 
waiting for biopsy information to target therapy.  In all cases, antibiotic selection should be adjusted 
based on local sensitivities for likely target pathogens.  This table is not meant to indicate that other 
therapeutic options cannot be considered for specific patients based on clinical circumstances. 
 
†Add empiric anti-MRSA coverage (e.g., vancomycin) and/or replace ceftriaxone with an anti-
pseudomonal β lactam (e.g., cefepime, piperacillin-tazobactam, etc.) if specific risk factors for MRSA 
(e.g., colonization, prior MRSA infection, healthcare exposure with endemic MRSA) and/or P. 
aeruginosa (exposed to prior courses of antibiotics, prior cultures with P. aeruginosa, gangrenous 
wounds, recent surgical procedures, specific sites of infection such as malignant otitis externa) are 
present, respectively, see question 4, sections b and c.  When such risk factors are present, the authors 
unanimously prefer the use of non-carbapenem anti-pseudomonal options for stewardship reasons, 
unless there is a specific concern for ESBL pathogens.  Similarly anti-anaerobic coverage is not 
routinely needed, but if the wound is gangrenous or there is specific concern for anaerobic infection, 
metronidazole may be added, or ceftriaxone replaced with ampicillin-sulbactam or amoxicillin-
clavulanate.  Finally, for patients in whom an MRSA active agent is deemed unnecessary, some authors 
prefer to add an anti-staphyloccocal β-lactam (e.g., oxacillin, cloxacillin, nafcillin, cefazolin) to 
ceftriaxone. 

‡Anaerobic coverage is routinely added by many practitioners; however, data are not available to 
demonstrate whether it adds clinical benefit or not. 

ξWhile many authors would initiate empiric anti-pseudomonal therapy, some authors do not believe that 
anti-pseudomonal coverage is routinely needed for early PJI infection, based on the frequency with 
which the organism is locally encountered.  Most authors who would initiate rifampin prefer to wait until 
oral transition but some authors would consider initiating empiric IV rifampin.  If rifampin use is being 
considered, it may be prudent to wait until bacteremia is cleared (if present) and surgical source control 
is achieved (if necessary), to reduce the risk of treatment failure.205  See question 4, section c for a 
discussion of empiric pseudomonal therapy, and section e for a full discussion of the potential 
benefits:risks of adjunctive rifampin therapy. 

ΨSee question 5 for full discussion of oral therapy, including which agents, and timing of initiation.  
TMP-SMX = trimethoprim-sulfamethoxazole.  Rifampin may be important to add to fluoroquinolones 
when treating S. aureus infections, and possibly when treating Pseudomonas or Acinetobacter infections, 
to reduce emergence of resistance.  Other uses of rifampin are discussed in question 4, section e. 

ϕAs clindamycin and linezolid have no reliable gram-negative coverage, they should only be used when 
the clinician is confident that the infection is not likely caused by a gram-negative pathogen, or they 
should be administered with gram-negative coverage. 

¥There are less published data for doxycycline, however it has been used with anecdotal success and was 
used in a minority of patients in the OVIVA trial,10 so it may be an alternative agent in individual 
patients. 
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Pyogenic Osteomyelitis in the Absence of an Implant  
Observational and randomized controlled studies have concluded that aerobic gram-positive 
cocci, primarily S. aureus, are the most frequently cultured organisms in patients with 
osteomyelitis.17,44,187-189,206-209  The rate of MRSA strains has varied by study, ranging from 
0%206 to 46%,187 depending on geography.  Other common aerobic gram-positive cocci isolates 
included Streptococcus spp. and Enterococcus spp.  Gram-negative bacilli were identified from 
cultures approximately a quarter of the time, varying by study.  The Enterobacterales were the 
most predominant group of gram-negative pathogens, of which E. coli has been the most 
frequently identified species.  P. aeruginosa was isolated in cultures at rates of 10% or less in 
most studies.  For pyogenic vertebral osteomyelitis, cultures were typically monomicrobial 
(86%), with blood cultures positive a little over half the time (58%).206  Microbiologic etiology 
may be influenced by patient specific elements such as prior environmental or community 
exposures, certain risk factors such as intravenous drug use,188 recent healthcare exposure, or 
recent antibiotic treatment.  Known MRSA colonization is the largest individual risk factor for 
MRSA infection.210 

In an observational cohort study of 358 patients with hematogenous vertebral 
osteomyelitis conducted in five tertiary care hospitals in the Republic of Korea,207 the most 
frequently isolated organisms were methicillin-susceptible S. aureus (MSSA) (33.5%), followed 
by MRSA (24.9%) and Enterobacterales (19.3%).  P. aeruginosa was isolated in only five 
specimens (1.4%).  Moreover, the authors found differences in the proportion of pathogens 
isolated between community-acquired and healthcare-associated hematogenous vertebral 
osteomyelitis.  MRSA was more frequent in healthcare-associated hematogenous vertebral 
osteomyelitis (43.6% vs. 13.8%; p < 0.001), whereas MSSA and Streptococcus spp. were more 
commonly found in community-acquired hematogenous vertebral osteomyelitis (44% vs. 13.8%; 
p < 0.001, 16% vs. 4.5%; p = 0.001 respectively). 

Thus, although RCTs assessing empiric antibiotic choice are not available, based on 
observational data, selecting an empiric antibiotic therapy with coverage of S. aureus (including 
MRSA), Streptococcus spp., and Enterobacterales is reasonable for osteomyelitis in the absence 
of an implant.  A reasonable regimen is a third-generation cephalosporin lacking pseudomonal 
coverage, such as ceftriaxone, with or without addition of vancomycin for MRSA coverage.  
Where MRSA is uncommon, some experts prefer to replace vancomycin with a β lactam with 
anti-staphylococcal activity (e.g., oxacillin, flucoxacillin).  In those with cephalosporin allergy, 
TMP-SMX, or a fluoroquinolone, such as levofloxacin or ciprofloxacin, could be used as 
alternatives, provided that local antibiogram data are favorable.  In cases where there is high 
suspicion of more resistant pathogens, such as extended spectrum β-lactamase (ESBL)-
producing gram-negative bacilli, or P. aeruginosa, using a carbapenem or cefepime may be 
reasonable.  Consideration of patient specific factors, such as comorbidities, prior healthcare 
exposure including procedures, known colonization with antibiotic-resistant organisms, severity 
of illness including sepsis or septic shock, and local epidemiology and resistance patterns is 
important when selecting an empiric regimen. 
 
DFO 
Overall, S. aureus has been the most frequently isolated organism from bone biopsy results 
in patients with DFO; MRSA has varied in isolation between 0%-20% of cultures.38-

40,107,193,196,199,200,211  Coagulase-negative Staphylococcus has been the next most frequently 
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isolated organism, although it is difficult to determine if the organism is pathogenic when 
isolated, as it likely reflects surface colonization/specimen contamination.  Other gram-
positive organisms, such as Streptococcus spp., Enterococcus spp., and Corynebacterium 
spp., have also been described from culture results.  Isolation of organisms typically 
considered normal skin flora, such as coagulase-negative Staphylococcus or 
Corynebacterium spp., can be of unclear significance, although pairing histology findings 
with culture results can help delineate whether these organisms are pathogenic.  Of aerobic 
gram-negative bacilli, Enterobacterales were reported in 12%-50% of cultures, with the 
most common species being E. coli, Klebsiella spp., and Proteus spp.  Typically, when 
aerobic gram-negative bacilli were isolated in culture, the culture was polymicrobial.  
Rates of polymicrobial cultures ranged from 26%-85%.  Obligate anaerobes, such as 
Peptococcus, Peptostreptococcus, Prevotella spp., Clostridium spp., or Bacteroides spp., 
were isolated in higher frequency in older studies,212-215 while more contemporary studies 
report lower rates (3%-12%).39,107,196,216  The differences in rates of anaerobic isolation 
may be due to differences in sampling technique, transport time to the lab, and 
microbiology lab handling of the samples.217 

In a single center retrospective study over 10 years in Spain, patients with biopsy proven 
DFO who had gram-negative bacilli isolated in bone culture (n = 150) were compared to those 
with other organisms or sterile cultures (n=191).218  Overall, 58.3% (224/384) of bone specimens 
isolated gram-positive cocci, 40.6% (156/384) gram-negative bacilli, and 1.1% (4/384) fungi.  
The most frequent gram-negatives isolated overall were E. coli (21.2%), P. aeruginosa (15.4%), 
and Enterobacter cloacae (12.8%).  Patients whose cultures isolated gram-negative organisms 
more frequently had fetid odor, necrosis, soft tissue infection accompanying osteomyelitis, and 
clinically severe infection compared to those without gram-negative organisms.  By multivariate 
analysis, having a glycosylated hemoglobin <7% (OR 2; 95% CI, 1.1-3.5) and a wound caused 
by traumatic injury (OR 2; 95% CI, 1-3.9) were found to be the most significant predictors to 
isolate gram-negative bacilli from bone samples.  Duration of the foot wound did not affect the 
likelihood of isolating a gram-negative pathogen. 

Thirty-four bone samples from US patients who were hospitalized with moderate-to-
severe DFI with a high suspicion of DFO were evaluated by 16S ribosomal ribonucleic acid 
(rRNA) gene sequencing.219  S. aureus was the most common pathogen isolated, at 50% (13/26) 
by conventional culture technique and 86.9% (20/23) by sequencing methods.  The distribution 
of other gram-positive organisms identified by 16S sequencing technique included: 
Streptococcus spp. 56.5%, (13/23), unknown Dermabacteriae 34.8% (8/23), and 
Corynebacterium spp. 78.3% (18/23).  Corynebacterium spp. appeared to have a lower 
contribution to the total bacterial population compared to Staphylococcus spp., and its pathogenic 
role in DFO is not well described.  Gram-negative pathogens that were sequenced included: 
Pseudomonas spp. 21.7% (5/23) and Enterobacter spp. 26.1% (6/23).  Facultative anaerobes 
isolated by sequencing included Actinomyces 26.1% (6/23) and Helcococcus spp. 21.7% (5/23).  
Obligate anaerobes included Peptoniphilus 73.9% (17/23), Finegoldia 65.2% (15/23), 
Anaerococcus 52.2% (12/23), Clostridium 39.1% (9/23), Porphyromonas 30.4% (7/23), and 
Prevotella 21.7% (5/23).  Of the three samples that did not sequence, Stenotrophomonas 
maltophilia, S. aureus, and Enterobacter cloacae were isolated by conventional culture methods.  
Compared to standard culture methods, 16S rRNA sequencing found significantly more 
anaerobic pathogens (86.9% vs. 23.1%, p = 0.001), more polymicrobial cultures (91% vs. 64% p 
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= 0.02), and more gram-positive bacilli (78.3% vs. 3.8%, p < 0.001).  The clinical significance of 
these anaerobes remains unclear. 

Although aerobic gram-positive cocci remain the predominant pathogens in many 
studies, one may also take geographic location of the patient into consideration when 
determining empiric antibiotics.  In a meta-analysis by Zenelaj et al., studies of DFI conducted in 
countries with a warm climate, such as desert or tropical, tended to have a relatively lower 
percentage of infections caused by Staphylococcus spp.220  Instead, gram-negative bacilli were 
isolated in higher frequency compared to rates published in European countries or the 
US.211,221,222 

In cases of less severe DFO that did not have associated complications (e.g., necrotizing 
soft tissue infections or peripheral artery disease), oral therapy with either ciprofloxacin, 
amoxicillin-clavulanic acid, or trimethoprim-sulfamethoxazole (TMP-SMX) has been used.38  If 
IV therapy is needed initially, then monotherapy of ampicillin-sulbactam, ceftriaxone, or the 
fluoroquinolones for patients with β lactam allergies may be reasonable options.  If broader 
gram-positive coverage (i.e., MRSA) is needed, addition of clindamycin (PO or IV), linezolid 
(PO or IV), doxycycline (PO or IV), or vancomycin (IV) may be also reasonable. 

Although anaerobic pathogens are isolated in bone biopsy cultures, there are currently no 
available data regarding whether empiric anaerobic therapy affects outcomes, either with 
improved cure rates or potentially higher adverse event rates.  Many of the monotherapy options 
we list have varying degrees of anaerobic coverage.  Thus, routine addition of broad anaerobic 
coverage with drugs like metronidazole for empiric therapy may not be required.  Addition of 
metronidazole is of particular concern for patients with underlying neuropathy, as prolonged 
therapy can result in drug-induced neuropathy. 
 
Pyogenic Osteomyelitis with a Retained Implant (including PJI) 
For PJI, the frequency in which the gram-positive, gram-negative, or anaerobic pathogens are 
isolated varies by the timing of onset of PJI from the placement of the prosthetic implant.  Early 
PJI (definitions in the literature vary but range from 1-3 months post-op) is acquired due to 
contamination intraoperatively and is typically caused by virulent organisms.  Delayed-onset PJI 
(definitions used range from 1-12 months post-op) are acquired during time of surgery but are 
caused by less virulent organisms where the infectious presentation may not present within the 
immediate postoperative period.  Late onset PJI is usually caused by hematogenous route or 
direct inoculation from other infectious foci. 

Overall, S. aureus has been the most frequent cause of PJIs, regardless of whether they 
are early, delayed, late onset, or hematogenous PJI, contributing to approximately one third of 
cases (range 9%223-62%224).  Rates of MRSA PJI have been low, ranging from 0%225 (Sweden) 
to 17%226 (US) and vary by country.  Coagulase-negative Staphylococcus has also been isolated 
in high frequency, ranging from 7%227 to 50%,226 with S. epidermidis being the most frequently 
identified species within this group.228  Other gram-positives, such as Streptococcus spp., 
Enterococcus spp., and Corynebacteirum spp., have been isolated in decreasing frequency.  Of 
the aerobic gram-negative bacilli, Enterobacterales have been the most common, ranging from 
3%226 to 33%.223  P. aeruginosa (~<10%) and Acinetobacter spp. (<3%) were infrequently 
isolated.  Obligate anaerobes, such as Peptostreptococci and Cutibacterium acnes, were also 
isolated infrequently.  Cutibacterium acnes was more often isolated in shoulder PJI compared to 
other joints, likely due to the organism being common flora in the axilla.229-236  Cultures may be 
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polymicrobial up to 39% of the time and were more likely to be a cause of early PJI (<3 months) 
vs. late PJI.227,237,238 

In a multicenter, retrospective study of PJIs from Spain (n = 2,524), the four most 
common organisms found in early postop PJI (<1 month from procedure) were S. aureus 
(35.6%), S. epidermidis (15.5%), E. coli (15.4%), and P. aeruginosa (15.3%).239  For chronic PJI 
(>1 month post procedure and symptoms persisting >3 weeks), S. epidermidis (33.2%), S. aureus 
(20%), coagulase-negative Staphylococcus not identified to species level (16.7%), and C. acnes 
(5.2%) were most commonly isolated.  In acute hematogenous infections (symptoms <3 weeks 
after uneventful procedure), S. aureus (39.2%), E. coli (12.5%), S. agalactiae (10.9%), and 
viridans group streptococci (4.5%) were the most common.  The proportion of PJIs caused by 
multidrug resistant bacteria increased from 9.3% in 2003-2004 to 15.8% in 2011-2012 (p = 
0.008).  The increase was primarily due to multidrug resistant gram-negative bacilli (5.3% to 
8.2%, p = 0.032) during the time period, rather than MRSA (4.7% to 7.6%, p = 0.2). 

In a retrospective study of 112 patients with elbow, ankle, and shoulder PJI in the UK, 
gam-negative bacilli were more frequently isolated in early PJI (<3 months from prosthesis 
placement) and late chronic PJI (>12 months from prosthesis placement).238  Gram-negative 
bacilli, including Enterobacterales, Pseudomonas, and Acinetobacter spp., as well as anaerobes 
were more likely to be isolated in early PJI.  However, after three months, the frequency of both 
decreased.  No gram-negative bacilli or anaerobes were isolated between 3-12 months after 
prosthetic joint placement.  Enterobacterales and anaerobes were isolated in 4.2% (1/24) and 
8.3% (2/24) of cases occurring >12 months after surgery.  The rate of polymicrobial samples also 
declined, with the highest rate of polymicrobial samples within the first three months of 
implantation (47%), compared to 9.1% and 20.8% at 3-12 months and >12 months after 
implantation, respectively. 

In a recent observational study from Australia, among 607 patients with prosthetic joint 
infection, the microbiology differed among patients with early PJI vs. other types.240  S. aureus 
was the most common pathogen overall, but patients with early PJI had twice the frequency of 
Gram negative bacterial infections, and including P. aeruginosa as compared to later PJI. 

Fungal prosthetic joint infections occur infrequently (1%) compared to bacterial 
causes.241  Patients with fungal PJI have different risk factors compared to those with bacterial 
causes including immunosuppression, overuse of antibacterials, presence of indwelling catheters, 
multiple revision surgeries, and complex reconstructions.  Candida spp. were the etiology in the 
majority of fungal PJI.  Aspergillus spp. and Rhodotorula spp. were rare causes.241-243 

Thus, in order to cover the most likely pathogens for PJI, a reasonable empiric therapy 
for early PJI (<3 months) could include a combination of a third- or fourth-generation 
cephalosporin with antipseudomonal activity, or piperacillin-tazobactam, with or without IV 
vancomycin for MRSA coverage.  However, some authors believe that anti-pseudomonal 
therapy is not routinely needed for early PJI depending on local microbiology of infection.  
Indeed, as some of the results mentioned above were derived from single center studies and some 
with small sample sizes, local epidemiology and resistance patterns will generally dictate the 
need or not for broader coverage for multidrug resistant gram-negative bacilli. 

Alternatives to vancomycin can include daptomycin or linezolid,42,244 while 
fluoroquinolones may be options for patients with significant penicillin or cephalosporin 
allergies.  For delayed onset PJI, non-pseudomonal gram negative coverage combined with 
vancomycin IV with may be reasonable, although gram-negative bacilli are less frequently 
isolated in this group.  Empiric therapy for late onset PJI (>12 months) may include vancomycin 
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IV with a third-generation cephalosporin.  As late onset PJI is unlikely to include Pseudomonas 
spp., empiric antipseudomonal therapy is not routinelynecessary in the absence of other risk 
factors.  Empiric coverage of fungal etiologies in PJI is likely not needed unless the patient has 
had a prior PJI with isolation of a fungal pathogen. 
 
 
b. When should antimicrobial coverage against MRSA be included? 
 
Executive summary: 
Based on observational and RCT data, rates of MRSA bone and joint infections vary by country.  
In areas with low MRSA prevalence, and for patients who are not known to be colonized or 
previously infected by MRSA, it may be reasonable to hold MRSA coverage, and focus on 
MSSA coverage.  In patients known to be colonized or previously infected by MRSA (the largest 
individual risk factor for MRSA infection), or at centers with higher rates of MRSA among their 
S. aureus isolates, it is reasonable to initiate an anti-MRSA agent empirically while waiting for 
culture results, particularly for clinically unstable patients. 
 
Overall summary: 
Vertebral Osteomyelitis 
Several studies reported that MRSA rates fell dramatically across multiple hospitals between the 
early 2000s and 2010-2016.245-247  Despite decreases in MRSA incidence, MRSA infection 
remains more frequently observed in healthcare-associated settings than in community settings.  
Indeed, a meta-analysis found that there was a surge of community-acquired MRSA infections 
between the mid-1990s and 2005 in the US, but with substantially declining rates since then.248 

As far as risk factors for MRSA in osteomyelitis, an observational cohort study 
performed in the Republic of Korea has shown that patients who are infected with MRSA 
hematogenous vertebral osteomyelitis were more likely to be older, have diabetes or a 
malignancy, and their infections were more frequently hospital-onset.249  Similarly, a more 
recent publication in 2019 by Park et al. concluded that MRSA was more frequent in healthcare-
associated hematogenous vertebral osteomyelitis than in community-acquired hematogenous 
vertebral osteomyelitis (43.6% vs. 13.8%; p < 0.001).207  In these studies, healthcare-associated 
hematogenous vertebral osteomyelitis was defined as onset of symptoms after one month of 
hospitalization with no evidence of vertebral osteomyelitis at admission, hospital admission 
within six months before symptoms onset, or ambulatory diagnostic or therapeutic manipulations 
within six months before symptom onset.  Furthermore, a retrospective study which included 586 
patients with pyogenic vertebral osteomyelitis suggested MRSA may be more common in 
patients with chronic kidney disease regardless of being on dialysis (34.4% vs. 14.7%, p < 
0.05).250 

In one large study, colonization by MRSA in the nose or rectum far surpassed other 
factors in predicting MRSA as the etiologic pathogen for bacteremia.210  These data suggest that 
colonization may similarly be a predominant predictor of MRSA of osteomyelitis as well. 
 
DFO 
Ashong et al. conducted a single-center retrospective review of 131 patients with an initial 
episode of probable or definite foot osteomyelitis.251  Bone cultures were collected 
intraoperatively, percutaneously or with image-guided bone biopsies.  Significantly more 
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patients who received insulin therapy were in the MRSA group than non-MRSA group (68.8% 
vs. 61.6%, p = 0.02).  MRSA, MSSA, and other staphylococcal species were isolated in 31 
(23%), 27 (20%), and 14 (10.4%) bone cultures, respectively.  The studies showed MRSA bone 
isolates were not associated with a greater risk of treatment failure.  Of note, patients who had 
MRSA isolated in bone culture but did not receive antibiotic therapy targeting it were not at 
higher risk for treatment failure of DFO.  However, vancomycin was part of the study's empiric 
treatment algorithm. 

Another study performed by Aragon-Sanchez et al. compared the outcome of surgical 
treatment between DFO caused by MRSA vs. MSSA in Spain.252  The number of surgeries 
performed in patients with DFO caused by MRSA was significantly greater.  However, there 
were no significant differences in the final outcome of surgical treatment or mortality between 
the two groups.  Similarly, in a French, multicenter, RCT of DFO, MRSA isolation in bone 
biopsy culture was not associated with patient-level outcomes.39 

Overall, these results indicate considerable variation in MRSA rates geographically, 
although they also demonstrate declining rates in many parts of the world.  Local rates of MRSA, 
combined with information regarding colonization status of the patient (via MRSA nasal or 
perineal swab, or prior culture results), are reasonable to guide the choice of empiric MRSA 
selection.210  
 
 
c. When should antimicrobial coverage against P. aeruginosa be included? 
 
Executive Summary 
Observational studies demonstrate that P. aeruginosa is an uncommon cause of osteomyelitis 
outside of patients with specific risk factors.  Thus, empiric therapy including antipseudomonal 
agents can be limited to patients with such risk factors.  For example, Pseudomonas spp. are 
more prevalent in patients residing in subtropical and tropical climates than in temperate 
climates.  Other risk factors include the presence of chronic wound infections with multiple prior 
antibiotic courses, gangrene, a history of positive culture with Pseudomonas spp. in the past, a 
recent (e.g., < 3 months) surgical procedure in a healthcare setting (e.g., early PJI), or specific 
sites of infection (e.g., malignant otitis externa). 
 
Overall Summary 
Osteomyelitis (Including DFO) without a Prosthetic Implant  
Multiple studies have shown P. aeruginosa is a relatively uncommon isolate in patients with 
vertebral osteomyelitis or DFO.17,38-40,44,188,189,200,207-209,212-216  However, some observational 
studies suggest gram-negative bacilli may be more prevalent in patients who reside in Asian 
countries with warm and humid climates, have chronic or trauma-related wound infection, have 
contiguous wounds complicated by gangrene,250,253 or are suffering peripheral vascular disease. 

In studies of patients with DFI from India, Malaysia, Turkey, and Kuwait, gram-negative 
bacilli were frequently isolated (e.g., 76% from the study in India, 52% from Malaysia, 50% 
from Kuwait), and P. aeruginosa was the most common isolate, causing 22%, 20%, 25%, 30%, 
and 17% of infections, respectively.254-257 

In contrast, a retrospective study from Spain did not find a positive correlation between 
gram-negative organism isolation, warm climate, and duration of the foot infection.218  The study 
included 341 patients with DFO.  Bone cultures were obtained intraoperatively.  The study 
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suggested gram-negative organisms were more frequently isolated from patients with wounds 
that developed after trauma (p = 0.045). 

In a retrospective review of 103 combat veterans with a diagnosis of osteomyelitis, gram-
negative organisms were isolated in 91% of cultures of bone and deep wounds taken during 
initial debridement from patients with combat-related wounds.258  Twenty-four percent of the 
specimens grew P. aeruginosa.  In another retrospective study conducted in a trauma center in 
Brazil, Cordeiro de Carvalho et al. reviewed the clinical and microbiological profiles of 101 
patients with gram-negative osteomyelitis associated with open fracture.259  P. aeruginosa was 
isolated in 19.8% of these bone cultures. 

In a retrospective study of 302 patients, King et al. found that those with peripheral 
vascular disease had a higher incidence of foot and ankle osteomyelitis caused by gram-negative 
organisms (OR 2.2; 95% CI, 1.3-3.6; p = 0.004).247  Pseudomonas spp. were the most frequently 
isolated gram-negative pathogens.  The author concluded that longer wound duration and 
differences in wound environment led to overall incidence of gram-negative organisms isolated 
in patients with peripheral vascular disease.  This conclusion is supported by observational 
studies reporting an increased risk of Pseudomonas spp. infection in diabetic foot ulcers 
complicated by gangrene.250,253 

There are also specific sites of infection that have been associated with a particularly high 
risk of P. aeruginosa as a cause of osteomyelitis, generally indicating empiric anti-pseudomonal 
therapy.  For example, in multiple observational studies of patients with malignant otitis externa, 
P. aeruginosa has been a leading cause of infection.260-262  Nail puncture wounds of the feet may 
also be associated with pseudomonal infection, although this observation is more anecdotal.263-265 
 
PJI 
Based on epidemiological studies, isolation of P. aeruginosa is more common in early PJI (<3 
months) or acute hematogenous PJI than in late PJI.266  In a large multicenter, retrospective study 
from Spain (n = 2,524), gram-negative bacilli were seldom isolated in chronic (>1 month post 
arthroplasty and symptoms >3 weeks in duration) or acute hematogenous PJI (symptoms <3 
weeks after an uneventful procedure).239  In contrast, Pseudomonas spp. were the fourth most 
common organism identified (15.3%) in those with early postoperative PJI <1 month post 
arthroplasty.  Among those with pseudomonal infections, multidrug resistance increased 
significantly from 0.7% from 2003-2004 to 1.8% in 2011-2012, p = 0.044.  Thus, contemporary, 
local resistance patterns will need to be evaluated to determine the most appropriate empiric 
choice for anti-pseudomonal coverage, if empiric coverage is needed.  In some centers with low 
pseudomonal rates of infection, empiric coverage may not be routinely indicated for early PJI. 

In a US cohort of hip or knee arthroplasty infections seen at a single center, 91 patients 
had PJI caused by Pseudomonas spp. between 1969 and 2012.267  A little over half (57%) had 
hip PJI, 22% had a history of diabetes, 22% had history of GI or GU surgery, and 16% were on 
immunosuppressive medications.  Fifteen of 102 PJI episodes (15%) were early PJI (<3 months), 
44% were late infections (3 months-2 years), and 41% were delayed onset PJI (>2 years after 
implantation procedure).  Five patients had a history of renal disease and four patients had 
recurrent UTIs, two of which were due to P. aeruginosa.  The authors hypothesize that 
acquisition of Pseudomonas spp. as a colonizer in their patients occurred during prior surgeries 
or procedures.  Thus, while acquisition of colonization from Pseudomonas spp. from the initial 
arthroplasty may be the cause of late or delayed onset chronic infections, other surgeries or 
procedures, patient comorbidities, other infections, or antibiotic exposure should be considered 
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when determining if empiric antipseudomonal antibiotic therapy is necessary in delayed or late 
onset PJI.  
 
 
d. Does “bone penetration” of an antimicrobial agent matter clinically, and should it be 

used to select therapy? 
 
Executive Summary 
Bone penetration of antibiotic agents for the treatment of osteomyelitis is a frequently discussed 
yet poorly studied drug property (Table 3).  There are numerous limitations that need to be 
considered when evaluating bone penetration studies.  While it is intuitive that antibiotics cannot 
successfully treat an infection if they do not reach the site at a concentration sufficient to inhibit 
microbial growth, there are limited outcomes data for osteomyelitis to support this concept.   
 
Table 3: Antibiotic Concentrations in Bone 
Antibiotic Time after 

Last Dose 
Mean Bone 

Concentration 
(µg/g) 

Overall 
Bone:Serum 

Concentration 
Ratio (range) 

Bone:Serum 
Concentration Ratio 

(range) 
Cortical Cancellous 

Levofloxacin268-270 
Ischemic bone271 

0.7-2 h 
NR 

3-7.4268,269   
4.1-6.4 

 

0.4-1 
0.3-0.4 

0.36-1 
268-270 

0.5-0.9  
268-270 

Ciprofloxacin 272-274 

Ischemic bone275 

Osteomyelitis272 

0.5-13 h 
 

1 h 
2-4.5 h 

1.1-2.9272,273 

NA 
1.4 

0.3-1.2 
0.2-0.3 

0.4 

  

Ofloxacin276-278 0.5-12 0.3-1.1 0.09-1.0   
Moxifloxacin270,279-

281 
1.5 h 1.3-1.9 0.3-1.1 0.4-1.1 0.5-0.9 

Azithromycin282,283 0.5-6.5 d 1.6-1.9 2.5-6.3   
Clindamycin284-287 

Ischemic bone271 
1-2 h 
NR 

0.6-3.8 

0.8-1.2 
0.2-0.5 
0.2-0.3 

  

Rifampicin288-291 

Osteomyelitis288 
2-14 h 

3.5-4.5 h 
0.7-5 

5 
0.08-0.6 

0.6 
0.2 0.2-0.4 

Tigecycline292,293 4-24 h292 

4-24 h293 
0.08 
0.4 

0.4-2.0 
NR 

  

Doxycycline284,294 3 h 0.1-2.6 0.02-0.7   
Vancomycin295-300 
 

 

Osteomyelitis300,301 
 
Ischemic bone271 

0.7-6 h 
 

1-7 h  
 

0-8 h301 
 

NR 

1.1-10 
 296,298,300 

3.6-8.4 
 

NA 
 

4.3-7.2 

0.05-0.7 
 

0.2-0.3300 

 
0.3-0.4 

0.07300 

0.2300 
 

0.2*301 

0.1300 
 

0.3300 
 

0.5*301 

Teicoplanin302-305 0.5-3.2 h 

4-16 h 
1.3-7.1 

7 
0.2-0.9 
0.5-0.6 
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Daptomycin306,307 

 

 

8 h 

0-16 h 
0-24 h 

3.3 
NA 
NA 

0.09 
1.1*  
1.2*  

 0.09 

Linezolid308,309 

 
Infected bone310 

 
Osteoarticular 
tuberculosis311,312 

Ischemic bone271 

0.5-16 h 
2.5-24313 

0.9 h 
1.7-24 h 

 
NR 

8.5-9 
 

NA 
4 
 

0.6-3.9 

 

10.5-21 

0.4-0.5 
0.8-1.0* 

0.2 
0.4-0.5 

 
0.2-0.3 

 0.2310 

0.8-1.0* 
 

Dalbavancin314 0.5 & 14 d 6.3 & 4.1 0.07 & 0.3   
Fusidic acid315 

Osteomyelitis316,317 
NR 

1-13 h 
12-25 
NA 

0.5-0.9 
0.1-0.3 

  

Fosfomycin318-320 0.5-7 h NA 0.1-0.5   
Trimethoprim- 
Sulfamethoxazole321 

1-1.5 h 3.7/19 0.5/0.2   

Amoxicillin- 
clavulanic acid322-325 

2 h 

0.5-6 h 
 

0.8-2.8 h 
 

0.6 h 
1 h 

NA 
NA 

 
5.9-26 / 0.7-2.5 

 
NA 

NA / 17.5-
32.5 

0.2-0.3 / NR 

0.03-0.07 / 0.01-
0.09 

0.08-0.2 / 0.04-
0.08 

0.2 / 0.1 
NR / 1.1-1.8 

0.1-1.8 
(clavulan
ic acid) 

0.1-1.1 
(clavulani

c acid) 

Ampicillin- 
sulbactam326-328  

0.25-4 h 12-20 / 5-7 0.1-0.7 / 0.2-0.7   

Piperacillin- 
tazobactam329-331 

1 h 

1.5 h 

3 h 

21.3 / 3.8 
15.1-18.9 / 2 

9 / 1.2 

0.2 / 0.2-0.3 
0.2-0.3 / 0.3 

0.2 / 0.1 

0.2 / 0.2-0.3 

 

 

0.2-0.3 / 0.3 
 
 

Flucloxacillin302,332-

334 
0.3-3 h 

NR 
2 

NA 
0.1-1.2 

0.05-0.08 
 0.6 

Cloxacillin333,335 1-3 h 2 0.1-0.6 0.1 0.2 
Oxacillin336 1 h 2.1 0.11 0.1  
Methicillin285,336,337 1-2 h 3.1 0.04-0.2 0.2  
Ertapenem338 1.6-23.8 h 0.3-13.2 0.1-0.2 0.1 0.2 
Meropenem 
Ischemic bone271 

 
NR 

 
19.2-34 

 
0.7-1.2 

  

Cefazolin339-342 0.25-1.1 h 
 

2.5-24 h313 

4.7-32.3 
 

NA 

0.06-0.4 
 

0.7-1.0* 

  

Cephalexin343 1.5-2 h 2.1 0.2   
Cefuroxime295,328,344-

348 

 
Osteomyelitis348 

0.2-6.5 h 

0.5-0.75 h 

1 h 

2-36 
NA 

15-28 

0.09-0.6 
0.01-0.1 
0.04-0.08 
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Cefadroxil349 2-5 h NA 0.2-0.4   
Cefotaxime350 0.75-4 h 2.1-5.4 0.02-0.3   
Ceftriaxone351-353 

Osteomyelitis354 
0.2-24 h 

1.5-8 h 
2.2-20.9 
9.6-30.8 

0.07-0.2 
 

0.05-0.08 
0.08* 
100% 

T>MIC 
for 24h 

0.1-0.2 
0.2*  

100% 
T>MIC 
for 24h 

Ceftazidime355 

Ischemic bone356,357 

Ischemic bone271 

2 h 
1-2 h 
NR 

20 
3.1 

2.6-3.7 

0.5 
0.04-0.08 
0.1-0.2 

  

Cefepime358 1-2 h 35.6-52.5  0.5 0.8 
Tobramycin302,359 0.3 

14.3 
NA 

NA 
0.1 
0.09 

  

Gentamicin334 NR NA 0.1   
AUC = area under the curve serum level 
* = AUCbone/AUCplasma rather than serum 

 
Overall Summary  
 
Understanding the limitations 
The main limitation of most bone penetration studies results from the measurement of total 
antibiotic concentration in tissue homogenates.  This technique disrupts the various 
compartments within bone and mixes the organic and inorganic bone matrices.  Additionally, 
measuring total concentration does not provide a measurement of unbound drug which is the 
theoretical concentration of the drug that is available to exert an effect.360  Uncertainty around 
these points could create problems from both an antimicrobial and pathogen perspective.  
Because therapeutic agents do not distribute within each compartment in an identical manner, 
total homogenate concentration does not represent the available concentration at the actual site of 
infection.361  Likewise, pathogens such as S. aureus can survive differentially in various 
compartments within the bone, which again makes interpreting studies that used whole tissue 
homogenate problematic, as the concentration is not measured at the site of the invading 
pathogen.362  

A second significant limitation of many bone penetration studies is the reporting of a 
single rather than multiple concentrations over time, making the measured concentration highly 
dependent on the sampling time.  By failing to capture the dynamic nature between bone and 
serum concentration, any single value of a ratio of tissue vs. serum concentration is theoretically 
possible.361  Lastly, taking this single value and comparing it to the minimum inhibitory 
concentration (MIC) of a pathogen to derive an ‘inhibitory quotient’ may lead to erroneous 
conclusions, as pharmacokinetics/pharmacodynamics (PK/PD) index values for antimicrobial 
agents are derived from serum rather than tissue concentrations that are obtained without regard 
to the time course of drug exposure.361 

Additional limitations of bone penetration studies include variability in what the reported 
concentrations represent (i.e., mg/kg of total bone mass, organic mass, dry bone mass, total bone 
volume), small sample size compromising mostly of healthy patients with uninfected bone who 
receive a single dose of antibiotics prior to undergoing joint replacement, and the conduct of 
many studies before advances in sample preparation and bioanalytic methodology.363  
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Finally, an important point about interpreting bone penetration studies is that for an 
antimicrobial effect to occur, an absolute amount of drug must be present to inhibit microbial 
growth; relative ratios of drug in bone vs. blood do not necessarily translate to achieving 
necessary absolute levels in bone or not.  For example, a drug with very low blood levels that 
achieves a high ratio of reported bone:blood concentrations (e.g., tigecycline) may still not 
achieve adequate absolute levels to inhibit microbial growth in bone.  Conversely, a drug with 
very high blood levels but low ratio of bone:blood concentrations (e.g., ceftriaxone) may still 
achieve absolute levels in bone adequate to inhibit microbial growth in bone.  All of these 
limitations should lead to the cautious interpretation of bone penetration literature.   
 
Bone Penetration Studies 
Four systematic reviews on antibiotic bone penetration have been published spanning the period 
of 1978-2018.16,359,363,364  An additional literature search from 11/1/2018-4/30/2021 was 
conducted.  Methodology for inclusion was similar to Landersdorfer and colleagues364 in that 
only human studies were included, a minimum of five patients was required, bone:serum 
concentration ratios were calculated from reported mean concentrations if not otherwise 
calculated, and a bone density of 1 kg/L was utilized unless otherwise stated by the authors of the 
study.  Table 3 summarizes the mean bone:serum concentration ratio for available agents which 
are reported as bone concentration (mg/kg) divided by serum concentration (mg/L).  Where 
possible, the absolute levels in bone are listed as µg/g. 

Overall, bone concentrations approach or exceed 50% of the serum concentration for the 
fluoroquinolones, azithromycin, tigecycline, clindamycin, linezolid, fusidic acid, and rifampin.  
The concentrations achieved in bone generally exceed the MICs of susceptible organisms except 
for tigecycline.16,363  However, significant variability exists among specific agents and within 
classes.  For example, the range in bone:serum and bone concentrations for doxycycline across 
two studies was 0.02-0.7 and 0.1-2.6 µg/g, respectively.284,294  The low end of the range would 
not exceed the MIC90 of S. aureus.  Landersdorfer and colleagues offered disruption of 
circulation in fractures or slow equilibration between plasma and bone as possible explanations, 
although the precise reason for the discordance is not fully understood.364   Slow equilibration 
time between bone and plasma may also account for variability observed with ciprofloxacin, 
although study results showing an increase in bone:serum ratio over time are conflicting.273,274,364  

Cephalosporins, penicillins, and carbapenems generally achieve bone concentrations of 
5%-25% of serum.  While these agents have a low reported bone:serum ratio, serum levels are 
high and, as a result, the actual concentrations in bone are quite high, and intravenous agents 
among these classes are likely to achieve concentrations in excess of the MIC for most 
susceptible pathogens.  Bone concentrations with oral β lactams are more variable and may be 
less likely to exceed the MIC of specific organisms.  Oral flucloxacillin, for example, has 
demonstrated adequate concentrations to exceed the MIC of S. aureus in one study while failing 
to achieve measurable bone concentrations in a second study.333,365  Likewise, oral administration 
of cefuroxime did not result in measured concentrations while intravenous delivery achieves 
acceptable bone concentrations.344-348,365 

Vancomycin and daptomycin are generally thought to penetrate bone poorly with serum 
to bone concentrations of ~5%-30% and <10%, respectively.  Bone concentrations for both 
agents would, however, be expected to exceed the MIC90 for S. aureus.  Concentrations of 
vancomycin may not exceed the MICs for individual enterococcal strains.359 
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Table 3 also presents bone:serum concentration ratios for cortical and cancellous bone.  
Landersdorfer et al. reported a non-significant, numerically higher median bone:serum 
concentration in cancellous vs. cortical bone (bone:serum ratio 0.25 and 0.16 for cancellous and 
cortical bone, respectively; p = 0.06).364  Again, there was significant variability in ratios within 
classes and agents.  Among β lactam agents, cefepime, ceftriaxone, ertapenem, and piperacillin-
tazobactam had higher penetration and concentrations in cancellous compared to cortical 
bone.359,364 

A minority of agents have been investigated in the setting of ischemia.  Compared to 
studies in non-ischemic bone, the reported penetration and concentrations into ischemic bone are 
generally decreased.275,356,357  However, the effect of ischemia is not consistent across all agents.  
Lozano-Alonso et al. studied 46 patients who had received at least four doses of antibiotics for 
an infection in the setting of limb ischemia necessitating major amputation.271  Four 
measurements of transcutaneous pressure of oxygen were conducted ranging from the thigh, 
which had the best perfusion, to the distal foot, which had the worst perfusion, with a 
measurement in the chest being the control.  A serum sample as well as bone biopsies at each of 
the three lower limb sites were obtained.  Clindamycin, vancomycin, and meropenem showed 
decreased bone:serum ratios as ischemia worsened, while linezolid, levofloxacin, and 
ceftazidime did not show decreasing ratios.  Except for clindamycin, all agents would have 
achieved bone concentrations in excess of the MIC for typical target pathogens. 

Three studies across four agents were identified that utilized microdialysis techniques to 
obtain multiple bone concentrations over 24 hours that were then paired with serum 
concentrations.301,307,313  This allowed for a comparison of area under the curve (AUC) 
concentration from bone to that of plasma.  As mentioned previously, inclusion of concentration 
over time is a more robust measure as it accounts for distribution between compartments and 
provides concentration at the site of infection. 

For example, Traunmuller et al. measured daptomycin bone concentrations in 10 patients 
with DFI who had received multiple doses of 6 mg/kg.307  The 24-hour fAUCbone/AUCplasma was 
1.2 and equilibration between plasma and bone occurred within three hours of the infusion start.  
Cmax in the metatarsal bone was 4.7 µg/mL.  A second study by Andreas et al. measured sternal 
bone concentrations in nine patients who received 6,000 mg cefazolin and 1,200 mg linezolid 
over a 24-hour period during which they underwent coronary artery bypass grafting with left 
mammary artery harvesting.313  Mean bone concentrations of cefazolin were 112 µg/ml and 159 
µg/ml while linezolid were 10.9 µg/ml and 12.6 µg/ml on the left and right, respectively.  Mean 
cefazolin AUCbone/AUCplasma was 0.7 on the left and 1.0 on the right while linezolid penetration 
was 0.8 and 1.0 on the left and right, respectively.  Lastly, Bue et al. measured vancomycin 
concentrations over 24 hours in 10 male patients undergoing total knee revision whom had 
received 1,000 mg vancomycin as antibiotic prophylaxis.301  The AUCbone/AUCplasma ratio for 
vancomycin was higher in the cancellous bone, 0.5, compared to cortical bone, 0.2. 

A mean concentration of 2 µg/mL but not 4 µg/mL was able to be achieved in cortical 
bone.  In cancellous bone it took < 1 hour to achieve a mean concentration of 4 µg/mL with a 
Cmax of 10.6 µg/mL noted.  Clinical outcomes were not provided in any of the studies. 
  
Clinical Outcomes 
 
Comparative Studies 
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Four trials of patients with chronic osteomyelitis have compared clinical outcomes of treatment 
with agents that have high vs. low bone penetration.29-32  In these trials, an oral fluoroquinolone 
(ofloxacin or ciprofloxacin) was compared to either parenteral cephalosporins (cefazolin or 
ceftazidime) or antistaphylococcal penicillins with or without an aminoglycoside or clindamycin.  
Nonsignificant differences in clinical cures were observed in the fluoroquinolone group for all 
four trials (77%, 74%, 79%, 50% for fluoroquinolone vs. 79%, 86%, 83%, 68% for alternative 
therapy).29-32 

Three additional sub-studies of DFO patients from larger DFI studies have compared 
agents with high bone penetration to those with lower bone penetration.36,37,366  Two of three 
studies again showed lower but non-significantly different clinical cure rates in the groups with 
high bone penetration.  In contrast, Lauf et al. reported a very low clinical response rate to 
tigecycline, which has low bone penetration, compared to ertapenem (32% vs. 54%).366  Based 
on the range of MICs and MIC90 data presented in the paper for organisms such as, E. faecalis 
and MSSA, and bone concentrations reported in a prior PK study, tigecycline concentrations in 
bone were too low to exert an antimicrobial effect.366 

In a second open label RCT, Lipsky and colleagues compared linezolid (oral or 
parenteral) to an aminopenicillin and β lactamase combination (ampicillin-sulbactam or 
amoxicillin-clavulanate) in patients with DFO, with a cure rate of 61% vs. 69%, respectively, the 
difference of which was not statistically significant 37.  Most patients were started on oral therapy 
and the predominant organisms were Staphylococcus spp.  Given the low serum concentrations 
(Cmax 3.5-4.5 mg/L) and bone penetration, it is unlikely that bone concentrations of amoxicillin-
clavulanate would have exceeded the MIC90 of S. aureus and coagulase negative staphylococci, 
yet clinical cure was high.293 

High cure rates with predominantly amoxicillin-clavulanate in DFO were also shown in 
another recent RCT.40  Finally, a trial comparing parenteral followed by oral ofloxacin to a 
combination of aminopenicillin and β lactamase inhibitor (ampicillin-sulbactam followed by 
amoxicillin-clavulanate) demonstrated a higher rate of cure/improvement in the ofloxacin group 
(75% vs. 60%, respectively).36  The number of patients in both groups is small with only five 
patients in the aminopenicillin group.  More patients in the ofloxacin group underwent bone 
debridement, although overall there did not appear to be a difference in cure/improvement 
between patients who underwent bone debridement vs. those that did not (73% vs. 67%, 
respectively). 

While there are limited data on oral administration of β lactam antibiotics other than 
amoxicillin-clavulanate, several case series in the 1970s and early 1980s were published on the 
use of cephalexin in chronic osteomyelitis.  Cephalexin has low bone penetration (0.2) and 
concentrations in bone (1.3-3.1 mg/L), which would not be expected to exceed the MIC90 of 
most organisms.343,367  Nonetheless, satisfactory clinical response was noted in these case series, 
ranging from 79%-85%.368-371 

In summary, there are insufficient trial data to determine whether measured bone 
concentrations are sufficient to predict antibiotic activity.  There are certainly examples, such as 
tigecycline, where low concentrations may have contributed to excess failures.  However, data 
for amoxicillin-clavulanate and cephalexin would seemingly argue against the notion that low 
predicted bone levels result in failure, as success was achieved in several studies despite low 
predicted bone concentrations.  Ultimately, it is treatment success in clinical trials that should be 
prioritized for selecting antimicrobial regimens.  It may be reasonable to consider bone 
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concentrations in choosing antibiotics after first considering drugs with established efficacy in 
clinical studies. 
 
 
e. Does adjunctive rifampin alter osteomyelitis treatment outcomes; for which organisms 

is rifampin therapy potentially useful, and if it is used, is there a preferred dosing? 
 
Executive Summary 
Numerous observational studies and three small RCTs found that patients with osteomyelitis, 
with or without a retained implant, had improved clinical success rates, due to reduced relapse, 
when treated with adjunctive rifampin (rifampin monotherapy is never advisable due to concerns 
about emergence of resistance on therapy).  However, other observational studies and one small 
RCT did not find a benefit of adjunctive rifampin.  Meta-analysis of the four RCTs suggests a 
benefit of rifampin therapy (Figures 1-2).  However, given the small size of these studies and the 
heterogeneity in results, patient populations, rifampin dosing, and background antibiotic therapy, 
these data remain hypothesis-generating, and a Clear Recommendation cannot be made for or 
against such therapy.  A large RCT is necessary to clarify or disprove efficacy.  In the meantime, 
it may be reasonable to consider adjunctive rifampin therapy for osteomyelitis caused by gram-
positive cocci or non-fermenting gram-negative bacilli, with or without a retained implant, in 
individual patients based on risk:benefit assessment.  Such assessment should include the 
uncertainty of the efficacy data balanced against potential drug interactions and adverse events of 
rifampin.  If used, the dosing of rifampin has varied widely in studies.  However, 450-600 mg 
per dose likely increases PD target attainment and adherence, and hence may be preferred, 
compared to 300 mg multiple daily dosing.  Whether dose escalation to 900 mg once daily or 
600 twice daily improves efficacy and/or worsens safety for treating osteomyelitis is unknown.  
To minimize emergence of resistance and treatment failure, it may be prudent to initiate rifampin 
only after bacteremia is cleared and surgical source control is achieved if it is necessary. 

 

 
Figure 1: Forest plot of RCTs comparing success rates of patients treated with adjunctive 
rifampin or not for S. aureus osteomyelitis, with or without prosthetic implants.  
The first two RCTs372,373 included osteomyelitis without retained implants, while the third and 
fourth were of patients with PJI.374,375  The first and third trials were double-blinded and placebo-
controlled; the second and fourth were open label.  All four RCTs used different rifampin dosing 
and frequency; the first and third trials administered rifampin in individual doses of 450 to 600 
mg, which may be important to improve AUC serum levels, while the second and fourth trials 
administered 300 mg individual doses.  Finally, the first, second, and fourth trials 
administered β lactam or vancomycin as the primary antibiotic, while the third trial administered 
a fluoroquinolone. 
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Figure 2: Forest plots of subsets of RCTs comparing rifampin vs. no rifampin for only 
osteomyelitis without PJI or only osteomyelitis with PJI. 
No heterogeneity was found for the non-PJI subset, and a fixed effect model was used for this 
analysis.  Significant heterogeneity was found for the PJI subset, and a random effects model 
was used for this analysis. 

 
Potential Role for Adjunctive Rifampin 
The primary potential role for rifampin in the treatment of osteomyelitis, with or without foreign 
body/implants, is as adjunctive therapy with another antibiotic to reduce the risk of relapse/long 
term clinical failure.  Rifampin should not be used as monotherapy due to its low barrier to 
resistance. 

Relapse is a common cause of long-term clinical failure of osteomyelitis treatment.  Even 
with appropriate treatment, osteomyelitis has a long-term relapse rate of 10%-30%.376-380 
Observational studies have described even higher rates of failure, possibly up to 50% with long-
term follow up, for infections caused by S. aureus treated with vancomycin or monotherapy 
fluoroquinolones, or for infections caused by non-fermenting gram-negative bacilli, such as P. 
aeruginosa.16,374,381-387 

Although the precise pathophysiology of this high relapse rate is unknown, several lines 
of evidence suggest that slowly or non-replicating bacterial persister/small colony variants play a 
role.379,388  First, relapses after monomicrobial osteomyelitis are well described after multiple 
decades, with several reports occurring even 50 to 80 years after the original infection (often 
caused by S. aureus).389-394  It is difficult to conceive of bacteria actively replicating in bone for 
multiple decades with no resulting inflammatory response or signs or symptoms of infection.  
Such cases strongly suggest pathogenesis involving prolonged periods of a very slowly or non-
replicating bacterial metabolic state in bone. 

Second, with the exception of infections caused by S. aureus specifically treated with 
monotherapy quinolones,16,374,385-387 relapsing strains have been reported to remain susceptible to 
the antibiotics with which the patient was originally treated.379,388  Failure to develop resistance 
after exposure to antibiotics is a hallmark of non-replicating persisters, as these bacteria do not 
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Osteomyelitis (non-PJI)
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express the biochemical targets of the antibiotic, and thus experience no selective pressure from 
the drugs.395  Finally, studies of animal models and patients increasingly describe the role of 
small colony variants, which adopt a slowly or non-replicating phenotype, in S. aureus 
persistence during osteomyelitis.396-402 

Rifampin is one of the few antibiotics that possesses the ability to reliably kill non-
replicating persister bacteria.396,403-407  Thus, there is a potential, biologically plausible basis for 
the hypothesis that adjunctive rifampin could help reduce the relapse rate for osteomyelitis, even 
in the absence of prosthetic material. 
 
Preclinical Data Suggesting Adjunctive Rifampin May Be of Benefit 
Consistent with this hypothesis, rifampin has been repeatedly shown to be more effective than a 
wide array of other antibiotics at eradicating bacteria from bone in preclinical models of 
infection, despite having less impressive activity than these other drugs during log phase, 
planktonic growth in vitro.408-413 
 
Observational Clinical Data Regarding Adjunctive Rifampin 
The preclinical data are mirrored by numerous observational or retrospective studies in patients.  
For example, among a cohort of patients who had had multiple relapses of osteomyelitis over 15 
years or more, use of regimens that included adjunctive rifampin led to cessation of relapses in 
most patients.410  The only relapses observed with adjunctive rifampin treatment occurred in 
patients infected with gram-negative bacilli (primarily Enterobacterales) that were resistant to the 
non-rifampin agent.  Similarly, in a retrospective review of 35 patients with vertebral 
osteomyelitis, relapses occurred in 0/15 patients treated with adjunctive rifampin vs. 5/20 
patients not treated with rifampin (p = 0.048).414  More recently, a large retrospective cohort 
study from the Veteran’s Health Administration found that patients with DFO treated with 
adjunctive rifampin had a significant reduction in long-term amputation and death compared to 
patients not treated with rifampin.415 

Multiple studies have also found that patients with PJI had reduced relapses when treated 
with adjunctive rifampin treatment vs. not.205,225,416-424  In each of the three largest of these 
retrospective studies, totaling more than 1,500 patients, by multivariate analysis, patients treated 
with adjunctive rifampin had significant reductions in relapse/late failure compared to patients 
not treated with rifampin.205,418,419 

However, the data are mixed, as other observational studies have not reported significant 
differences in relapse rates in patients treated with adjunctive rifampin.425-430  One meta-analysis 
of 13 observational studies of adjunctive rifampin therapy for PJI found no clear benefit, and 
emphasized that the individual studies were highly subject to selection bias.431  A more recent 
meta-analysis of rifampin therapy for the treatment of staphylococcal PJI included one RCT 
which did not show benefit (discussed below) and 63 observational studies.432  They reported 
that adjunctive rifampin use was associated with a relatively small but significant benefit, with a 
pooled risk ratio for effectiveness of 1.10 (95% CI, 1.00–1.22).  However, the analysis was 
subject to the same concerns about significant heterogeneity, and several types of bias.  Thus, 
even meta-analyses of rifampin effect based on observational studies have conflicted in their 
conclusions. 
 
RCTs of Adjunctive Rifampin Therapy 
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Three small RCTs have demonstrated potential therapeutic benefit of adjunctive rifampin 
therapy for osteomyelitis with or without PJI.372-374  In the first, double-blinded, placebo-
controlled trial by Van der Auwera et al., 101 patients with invasive S. aureus infection, of which 
23 had biopsy-confirmed osteomyelitis, were randomized to treatment with oxacillin plus 
rifampin (600 mg twice daily) vs. oxacillin plus placebo.372  Clinical success among the 
osteomyelitis patients occurred in 90% (9/10) treated with rifampin vs. 62% (8/13) treated with 
placebo (Figures 1-2).  In the second, open-label trial by Norden et al., 18 patients with S. aureus 
osteomyelitis were randomized to nafcillin plus weight-based rifampin (300 twice daily, 300 
thrice daily, or 600 twice daily for <50 kg, 50-74 kg, >74 kg, respectively) or nafcillin alone (no 
placebo).373  Treatment success rates were 80% (8/10) and 50% (4/8) for the rifampin vs. control 
group.  Finally, in the third, double-blinded trial by Zimmerli et al., patients with S. aureus 
osteomyelitis in the setting of PJI were randomized to receive ciprofloxacin plus either rifampin 
(450 mg twice daily) or placebo.374  In the per-protocol population, cure rates were 100% (12/12) 
for rifampin-treated vs. 58% (7/12) for placebo-treated patients (p < 0.02).  Of particular 
importance, four of the five treatment failures in the placebo arm were caused by relapse 
associated with the development of resistance to fluoroquinolones while on therapy (i.e., 
ciprofloxacin monotherapy).  In contrast, no relapses, and no resistance, were detected in the 
adjunctive rifampin group.374 

However, a fourth, more recent, open-label RCT of rifampin for PJI by Karlsen et al. had 
twice the sample size of the prior PJI RCT and showed no benefit of adjunctive rifampin 
therapy.375  Forty-eight evaluable patients were randomized to adjunctive rifampin (dosed at 300 
mg thrice daily) therapy or not.  At a median of two years of follow-up, treatment success rates 
were 74% (17/23) in the rifampin arm and 72% (18/25) in the no rifampin arm.  The Kaplan-
Meier curve of time to failure did separate initially, but the difference waned as follow-up time 
elapsed. 

Collectively across these four small RCTs, treatment success occurred in 84% (46/55) of 
patients treated with rifampin vs. 64% (37/58) not.  By meta-analysis, the adjusted difference in 
success rate is 20% (95% CI, 4%-36%), p = 0.01, suggesting benefit (Figure 1).  Subgroup 
analyses focusing just on osteomyelitis without PJI demonstrated treatment success rates of 85% 
(17/20) vs. 50% (12/21), with an adjusted difference in cure of 29% (95% CI, 3%-55%).  For the 
PJI subgroup analysis, a random effects meta-analysis model was used due to significant 
heterogeneity across the two available RCTs.  Composite treatment success rates were 83% 
(29/35) vs. 68% (25/37), for an adjusted difference in success rate of 21% (95% CI, -19% to 
+61%). 

It must be emphasized that the dosing of rifampin varied across the four studies, the 
primary antibiotic varied across the two trials involving PJI (β lactam in one study, ciprofloxacin 
in the other), and that two studies were double-blinded whereas two were open-label.  Hence 
variations in trials results could be due to small sample sizes, resulting in overlapping confidence 
intervals, or to drug selection and dosing variances, or other patient- or provider-assessment 
variations. 

Cumulatively, these RCTs provide some support for the hypothesis that adjunctive 
rifampin therapy may be of benefit for both for osteomyelitis and PJI.  However, all four RCTs 
were small, with different patient populations, antibiotic regimens, and designs, and one was 
discordant.  Ultimately, a large RCT is needed to provide a hypothesis-confirming level of 
evidence either for or against rifampin benefit for osteomyelitis. 
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Dosing Considerations 
If rifampin is administered to patients with osteomyelitis, there are no clinical outcomes data to 
guide optimal dosing.  However, at doses of approximately 450 mg, rifampin biliary clearance 
becomes saturated, such that greater than proportionate increases in serum levels occur above 
that individual dose.22,23  Since the best predictor of rifampin efficacy is thought to be AUC24 
divided by the MIC (AUC24/MIC),24,25 increasing serum levels has the potential to increase the 
chance of reaching target attainment to optimize outcomes.  Indeed, for S. aureus infections in 
mice, an AUC24/MIC ratio of >950 optimized outcomes.25  This target was predicted to be 
difficult to achieve in a modeling study of human dosing, underscoring the need to optimize 
serum levels to treat bone infections.26  Higher doses also result in higher peak levels, which may 
improve bone penetration.  It may be advisable, therefore, to administer rifampin at individual 
doses above 300 mg to improve peak levels, AUC24/MIC target attainment, and antimicrobial 
effects.  However, no clinical data are available to confirm this hypothesis.  Nevertheless, once 
daily dosing is also easier for patients.  For these reasons, 600 mg once per day may be preferred 
to 300 mg twice or thrice daily, although, again, clinical data are not available to validate this 
assertion. 

Whether or not dose escalation to 900 or 1200 mg per day (in divided doses) might be of 
benefit or result in excess toxicity, compared to a 600 mg total daily dose, remains uncertain.  In 
three RCTs of dose escalation rifampin for the treatment of tuberculosis, the impact of dosing on 
microbicidal effects varied, but no excess toxicity was seen with higher dosing.  Specifically, 
two RCTs found that doses of 900 mg once per day or 35 mg/kg per day resulted in more rapid 
declines in bacterial density than 600 mg once per day or 10 mg/kg/day.433,434  However, in none 
of the three trials did higher doses (900 mg per day, 1200 mg per day, or 35 mg/kg per day) 
result in higher rates of ultimate microbiological eradication, nor improve clinical cure.433-435  
Nor were higher doses associated with a higher rate of adverse events in any of the studies. 

Whether these results translate to treatment of osteomyelitis is unclear.  However, in a 
large retrospective study of PJI, 450 or 600 mg twice daily of adjunctive rifampin was not 
associated with superior cure rates by multivariate analysis compared to 600 mg once daily.205  
Furthermore, in contrast to the trials of patients with tuberculosis, in the retrospective studies of 
PJI, doses above 10 mg/kg/day were associated with progressively higher adverse event 
rates.205,420,436  Thus, a dose of 600 mg once per day may be a reasonable balance between safety 
and efficacy, although dosing to 8 to 10 mg/kg may be considered in heavier individuals.  

When to initiate the rifampin and duration of rifampin therapy are also not certain.  
However, one observational study found that patients treated with adjunctive rifampin for >14 
days resulted in reduced relapse rates compared <14 days.420  It is reasonable to administer 
rifampin during the total duration of antimicrobial therapy, provided the drug is tolerated.  Such 
a strategy may limit patient confusion about changing regimens.  It may also be reasonable to 
hold initiation of adjunctive rifampin until bacteremia is cleared (if present) and source control is 
achieved to reduce the potential for emergence of resistance to rifampin.  Indeed, in one large 
observational study in which rifampin use was associated with increased treatment success in the 
treatment of PJI, initiation of rifampin within the first 5 days of surgical debridement was 
independently associated with treatment failure as compared to starting the rifampin later.205 

Clinicians should be cautious of co-administering linezolid and rifampin due to a 
pharmacological interaction that lowers linezolid bioavailability and resulting blood levels via a 
variety of mechanisms.437,438  This interaction has been associated with increased failures in the 
treatment of PJI compared to treatment with either monotherapy linezolid or other drug 
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combinations including rifampin.439  Similarly, rifampin appears to lower clindamycin blood 
levels when the latter drug is co-administered orally (but not intravenously),440-442 and also may 
lower fusidic acid levels.443  Nevertheless, two studies from a single center in Australia have 
reported high levels of treatment success with rifampin plus fusidic acid for PJI treated with 
DAIR.444,445  Similarly, rifampin may lower trimethoprim levels, but without compelling 
evidence that the combination decreases clinical efficacy.446,447 
 
Organism Considerations 
Most data for adjunctive rifampin therapy come from the treatment of S. aureus infections.  
However, rifampin is broadly active, observational studies have described superior outcomes in 
patients with streptococcal osteomyelitis and PJI treated with adjunctive rifampin,419,421 and there 
is a biologically plausible basis for its use as adjunctive therapy for other gram-positive 
organisms and for non-fermenting gram-negative bacilli (e.g., Pseudomonas and Acinetobacter), 
the latter of which have particularly high relapse rates.448-450  It is less clear that rifampin would 
be appropriate as an adjunctive agent for Enterobacterales, which tend to have substantially 
higher rifampin MICs, and given relapses of Enterobacterales despite adjunctive rifampin 
therapy in one small, uncontrolled study.410 
 
Summary 
There is a biologically plausible mechanism by which adjunctive rifampin may be of advantage 
for reducing relapse for osteomyelitis with or without foreign body implants: killing of slowly 
replicating or non-replicating/small colony variant strains in bone.  Multiple preclinical models 
by many groups over several decades have found that rifampin is a more effective antimicrobial 
at sterilizing bone infections than any other antibiotic tested.  Some observational clinical studies 
further support the potential for adjunctive rifampin therapy to reduce relapse rates.  Finally, 
three small RCTs, each of which were individually under-powered and had different trial 
populations and designs, were concordant, suggesting that patients randomized to receive 
rifampin therapy had improved treatment success rates/reduced relapse rates.  However, the data 
are mixed, as other retrospective studies and one small RCT of patients with PJIs are discordant.  
When these disparate trials were meta-analyzed, the results suggest potential benefit of rifampin, 
although not to the level of hypothesis-confirmation. 

If adjunctive rifampin is to be used, its potential benefit should be balanced against its 
known toxicities and drug interactions when making a risk:benefit decision in individual 
patients.  A large RCT is necessary and desired to provide more definitive, confirmatory 
evidence.  In the meantime, it is reasonable to consider the use of rifampin for this purpose in 
individual patients, with careful risk:benefit considerations, but its use should not be considered 
standard of care. 

Rifampin should not be used in patients with concomitant medications that would pose 
risks for serious drug interactions, and hence medication reconciliation/rationalization and 
assessment for drug interactions should always be conducted before initiation of rifampin 
therapy.  Similarly, patients with active liver disease may not be appropriate candidates for 
adjunctive rifampin therapy.  Given the remaining equipoise on risk:benefit for rifampin in this 
setting, involving the patient in shared decision-making, documentation of the reasons 
supporting its use, and its potentially favorable risk:benefit ratio in individual cases, is a prudent 
step. 
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f. What is the role of long-acting glycopeptide antibiotics? 
 
Executive Summary: 

The two long-acting glycopeptides available on the market, dalbavancin and oritavancin, are not 
licensed for the treatment of osteomyelitis, but are licensed for the treatment of acute bacterial 
skin and soft tissue infection (ABSSI).  One RCT of dalbavancin (n = 70 patients) vs. standard of 
care, which was largely vancomycin (n = 10), showed similar cure rates for non-vertebral 
osteomyelitis without prosthetic material, and a shorter length of hospital stay in the dalbavancin 
arm.  No other randomized trial data are available for long-acting glycopeptides and 
osteomyelitis.  Multiple, small, single-center, observational studies (all n < 50) have reported 
similar outcomes with both dalbavancin and oritavancin and comparator regimens.  Few safety 
concerns were raised in these studies, and the glycopeptides were rarely stopped due to adverse 
events.  There are currently no data to suggest that long-acting glycopeptides would have 
superiority over other regimens, including oral therapy options.  Thus, based on available 
evidence, the most likely role for long-acting glycopeptides in osteomyelitis is for patients with 
non-vertebral osteomyelitis: a) who are unlikely/unable to take an oral regimen, or b) where an 
oral regimen is contraindicated (e.g., due to resistance patterns).  There is minimal evidence of 
long-acting glycopeptide therapy for osteomyelitis in the presence of prosthetic material and for 
vertebral osteomyelitis, so caution is warranted in these settings. 
 
Overall Summary 
There are two long-acting glycopeptides currently available for routine use: dalbavancin and 
oritavancin.451  Both of these are licensed by the US Food and Drug Administration (FDA) and 
European Medicines Agency (EMA) for the treatment of ABSSSI, but not for other indications 
at present.  Both agents maintain serum and tissue concentrations for prolonged periods of time 
(days to weeks) due to the half-lives of the drugs (10-14 days).452,453  PK data from a single study 
of dalbavancin suggested therapeutic levels of drug (against susceptible gram-positive 
pathogens) would be maintained for up to eight weeks in bone and plasma after two doses one 
week apart.314 

Due to their convenient dosing and favorable PK, there is significant interest in the use of 
long-acting glycopeptides in osteomyelitis, with relevant studies summarized below.  
 
Randomized trial data 
In a phase 2 RCT, Rappo et al. randomized patients (n = 80) with a clinical-radiological 
diagnosis of osteomyelitis at a single center in Ukraine to dalbavancin or standard of care at a 7:1 
ratio, meaning 70 patients received dalbavancin and 10 standard of care.27  All patients had 
baseline debridement and open biopsy, with histology supportive of chronic osteomyelitis in 
around 60% of patients.  Patients with vertebral osteomyelitis or infections associated with 
prosthetic material were not included.  More patients had a diagnosis of diabetes in the standard 
of care arm (50%) compared to the dalbavancin arm (14%).  Standard of care was largely IV 
vancomycin followed by oral linezolid or levofloxacin.  The major pathogen was MSSA (43/80, 
54%), with the next most common pathogen being coagulase-negative staphylococci (16/80, 
20%), followed by a variety of other pathogens.  Importantly, in the dalbavancin arm, 23/70 
cultured pathogens were either gram-negative, anaerobes, or mixed pathogens in which we 
would not expect any reliable activity of dalbavancin (given that its spectrum of activity is 
limited to gram-positive organisms).  Only 3/11 patients with gram-negative infection in the 
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dalbavancin group received adjunctive aztreonam.  Notably, vancomycin was used in the 
standard of care rather than β-lactam therapy even though MSSA was the most common 
pathogen. 

Multiple population endpoints were used in the trial, including a modified intention-to-
treat (mITT) population consisting of those who had known or suspected gram-positive 
osteomyelitis, a clinically evaluable population (the subset that could be evaluated at day 42), 
and a microbiological mITT population that only included those that grew gram-positive 
pathogens from bone and/or blood.  In all populations, dalbavancin was non-inferior to standard 
of care, with a 97% cure rate by day 42 vs 88% in the standard of care arm.  Similar results were 
seen in other analyses. Length of stay was significantly reduced in those receiving dalbavancin 
(15.8 vs. 33.3 days). 

In summary, dalbavancin appeared as safe and effective as a standard of care arm largely 
comprised of vancomycin as the primary treatment for gram-positive osteomyelitis without 
prosthetic material and excluding infections of the spine.  Limitations include that the study was 
single-centered, small in size, and so vulnerable to baseline imbalances in patient characteristics, 
and the directed standard of care therapy could be considered suboptimal.  Also, all patients 
received source control prior to enrollment, limiting generalizability outside of this setting. 

We found no published RCTs of oritavancin for the treatment of osteomyelitis. 
 
Observational data 
There are a significant number of studies evaluating real world experience of dalbavacin for 
osteomyelitis454-465 (reviewed in 28).  The majority of these were small (all n < 50), single center 
experiences from the US or Europe of dalbavancin in which a proportion of patients with 
osteomyelitis were included.  They generally described similar clinical success of dalbavancin to 
standard of care regimes.  In two studies, lower clinical success was identified, although both of 
these were small (n = 7460 and n = 11458) and included some patients who did not receive the full 
treatment course.  In summary, the limited real world published experience supports dalbavancin 
having similar efficacy to other agents in the treatment of osteomyelitis. 

Data are even more limited with oritavancin.  Although there is a growing literature in 
skin and soft tissue infection, there was initial concern about higher rates of progression to 
osteomyelitis in patients with skin and soft tissue infections when treated with oritavancin in 
early clinical trials (0.6%, 6/796 with oritavancin vs. 0.1%, 1/983 with vancomycin; OR for 
osteomyelitis 7.4, 95% CI, 0.9-61.6; p = 0.06), leading the FDA to issue a package insert 
warning about the risk of osteomyelitis when treating skin and soft tissue infection.466,467  
However, all diagnoses were made within nine days of initiation of therapy, suggesting these 
patients may have had pre-existing, occult osteomyelitis rather than development of 
osteomyelitis on therapy. 

A few small studies have been published on real-world experience of oritavancin in 
osteomyelitis.457,468-471  Similar to the dalbavancin data, most patients achieved clinical cure, and 
in the matched studies, at similar rates to those treated with standard of care.  The largest study 
included 134 patients across 20 different centers in six US states, with an 88% clinical success at 
the end of dose evaluation and with a similar proportion achieving longer term cure.470 
 
Adverse events 
In all studies, adverse events were relatively mild and rarely required treatment discontinuation. 
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Summary 
The two long-acting glycopeptides on the market, oritavancin and dalbavancin, have a small 
amount of real-world evidence in the treatment of osteomyelitis.  Nearly all studies were single-
centered and retrospective, with a large number of varied comparator agents, definitions of 
disease, and definitions of cure.  Adverse events with these agents were limited, and in the one 
RCT of dalbavancin, length of stay was much shorter in the dalbavancin group.  There is no 
current evidence to suggest long-acting glycopeptides are more effective than other agents 
available for the treatment of osteomyelitis. 
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Question 5: Is oral therapy appropriate for the treatment of osteomyelitis, and if so, what 
are reasonable patient selection criteria for administration? 
 
Executive Summary: 
Eight published RCTs of more than 1,300 patients have demonstrated that oral antibiotic therapy 
is at least as effective as IV for the treatment of osteomyelitis, including with PJI (Figure 3).17,29-

35  Nine additional RCTs that compared oral antibiotics in both arms, using different drugs, or 
different durations of therapy, achieved high treatment success rates for vertebral osteomyelitis, 
DFO, and PJI, including those treated surgically with DAIR.36-44  These RCTs are concordant 
with more than 40 observational studies (Table 4) and pharmacology data, collectively 
demonstrating that various oral regimens are reasonable therapeutic options for osteomyelitis.  
Conversely, no contrary data have been published establishing superior outcomes of IV vs. oral 
therapy for osteomyelitis. 

We therefore recommend oral therapy for patients who: 1) are clinically stable 
(hemodynamically and at the site of infection, e.g., no spinal instability); 2) have adequate source 
control (i.e., not requiring further procedural drainage and no persistent bacteremia); 3) are likely 
to absorb oral medications from a functioning GI tract; 4) have an available regimen used in 
published studies to cover likely target pathogens; and 5) have no psychosocial reasons that 
preclude the safe use of oral therapy.  Fluoroquinolones and TMP-SMX have the most published 
data in adults, with clindamycin and linezolid also used in multiple studies; amoxicillin-
clavulanate has been the most frequently used in studies of DFO.  It may be prudent to avoid 
monotherapy with a fluoroquinolone to treat staphylococcal osteomyelitis due to a high rate of 
relapse and emergence of resistance on therapy; there is insufficient evidence regarding 
delafloxacin as of 2021 for the use of osteomyelitis.  Use of other agents (TMP-SMX, linezolid, 
clindamycin) or adjunctive rifampin with a fluoroquinolone are reasonable alternatives.  The role 
of oral β lactams (except for amoxicillin-clavulanate for DFO), doxycycline, fusidic acid, and 
fosfomycin are less established (particularly for the oral sachet powder formulation of 
fosfomycin in the US, for which there are no data for osteomyelitis), but they may be reasonable 
options in specific cases, depending on availability in different countries. 

 
 

 
Figure 3. Random effects meta-analysis forest plot of RCTs comparing long-term clinical 
success rates of oral vs. IV antibiotic therapy for osteomyelitis in adults.17,29-35  Reproduced 
with permission from the American Journal of Medicine.18 
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Table 4. Treatment Success Rates in Observational Studies of Oral Treatment of 
Osteomyelitis with or without Infected Prosthesis in Adults 
 

Drug Dose/Durati
on 

Follow 
up 

Cure* Comment Ref. 

Fluoroquinolones 

Ciprofloxaci
n 

500-750 mg 
PO bid x 3-
4 months 

1 yr 81% (30/37) All cured patients had foreign 
material removed; 1/3 

underwent debridement 

472 

Ciprofloxaci
n  

750 mg PO 
bid x 3-4 
months 

6 mo 91% (21/23) Cure defined as resolved or 
improved 

473 

Ciprofloxaci
n  

750 mg PO 
bid x 3 
months 

7-21 mo 65% (13/20) 15/20 previously failed 
therapy; 3 patients with 
sternal osteomyelitis; cured 
only 7/13 Pseudomonas; all 
debrided 

474 

Ciprofloxaci
n  

750 mg PO 
bid x 2-4 
months 

1-17 mo 77% (17/22) 4 of the non-cured infected with 
Pseudomonas; 20 debrided 

475 

Ciprofloxaci
n  

750 mg PO 
bid x 1-6 
months 

0-22 mo 48% (14/29) 7/12 Pseudomonas & 4/9 S. 
aureus cured  

476 

Ciprofloxaci
n 
or  
Nafcillin, 
Clindamycin
, or 
Gentamicin 

750 mg PO 
bid x 12-64 

d 
 

varying 
dose & 

durations 

25-39 mo 11/14 (79%) 
ciprofloxacin vs. 
10/12 (83%) IV 

therapy 

Not randomized; patients were 
sequentially enrolled in the two 

arms 

31 

Ciprofloxaci
n  

200 mg IV 
bid, then 

750 mg PO 
bid 

? 67% 
(6/9) 

Unknown duration of treatment; 
5/7 Pseudomonas cured 

477 

Ciprofloxaci
n  

200 mg IV 
bid, then 

750 mg PO 
bid 

? 83% (10/12) Unknown duration of treatment 478 

Ciprofloxaci
n  

500-1500 
mg PO bid x 

0.5-18 
months 

? 65% (22/34) 20/28 Pseudomonas eradicated 
microbiologically 

479 
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Pefloxacin  
 
 
 
Ofloxacin  
 
Ciprofloxaci
n  

400 mg IV q 
12 h x 4 

doses, then 
400 mg PO 

q 12 h 
200 mg PO 

q8-12 h 
500-750 mg 
PO q 12 h 
All for 3-6 

mo 

? 76% 
(29/38) 

All cured patients had foreign 
material removed; 1/3 

underwent debridement; 88% 
(15/17) treatment success for 

gram-negative bacteria vs. 67% 
(14/21) for gram-positive 

480 

Ofloxacin 200 mg PO 
tid x 4-6 
weeks 

>6 mo 85% (98/115) 3/15 Pseudomonas and 5/74 S. 
aureus failed; 113 debrided 

481 

Ciprofloxaci
n  

750-1000 
mg PO bid 

x 3 mos 

12 mo 61% (19/31) No benefit from higher dose; 
all had soft tissue, but not 

bone, debrided  

482† 

Ciprofloxaci
n 
 
Lomefloxaci
n 
Levofloxaci
n 

750 BID 
 

800 BID 
500 once 

daily 

Variable, 
most > 1 

year 

2/5 (40%) 
 

5/7 (71%) 
9/15 (60%) 

6 patients infected with S. 
aureus and 1 Pseudomonas 

relapsed 

483 

Ofloxacin 
+ 
Rifampin 

200 mg PO 
tid 

 
300 mg PO 

tid 
both for 6-9 

mo  

> 60 mo 35/49 (71%) All infections of prostheses 
with Staphylococcus 

484 

Levofloxaci
n 
+ 
Rifampin 

500 mg PO 
qd 
 

600 mg PO 
qd both for 
>6 weeks 

> 6 mo 18/25 (72%) All had prosthetic bone 
implants; mean duration of 
therapy 5 months for those 

cured and 2.6 months for those 
who failed to be cured 

485 

Rifampin 
+ 
(Ofloxacin 
or 
Fusidic acid) 

900 mg PO 
qd 
 

200 mg PO 
tid 

 
500 mg PO 
tid x 5 d, 
then PO 

Average 
24 mos 

(range 12-
36 mo) 

11/20 (55%) 
 

11/22 (50%) 

All patients had orthopaedic 
implants, only 14 of which 

were removed; patients were 
assigned to treatment arm by 
year of birth (ofloxacin for 

even years, fusidic acid for odd 
years)  

486 
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bid, both for 
>6 mo 

Rifampin + 
Fluoro-
quinolone 
vs.  
Other 

When used, 
rifampin at 
20 mg/kg 

divided bid 
(not to 
exceed 

1800 mg/d) 

Average 
44 +/- 32 

mos 

37/39 (98%) 
 

vs. 
40/59 (68%) 

All had S. aureus prosthetic 
joint infections; 29 patients 

received rifampin in 
combination with non-

quinolone antibiotics; in multi-
variate analysis rifampin-

quinolone combination had an 
odds ratio of 0.4 (0.17-0.97) 

for failure 

  417    

Rifampin + 
Levofloxaci
n 
(prospective
) vs. 
Historical 
cohort with 
variable 
antibiotics 
without  
vs.  
with 
Rifampin 

Prospective 
rifampin at 
900 mg PO 

qd x 3-6 
mos 

? 13/14 (93%) 
 
 

vs. 
 

34/56 (63%) 
 
 
 

vs. 
21/31 (68%) 

All had retained prosthetic 
joints; by multivariate analysis, 

hazard ratio for treatment 
failure 1.0 for historical cohort 
without rifampin, 0.55 (0.25-

1.26) for historical cohort with 
rifampin, 0.11 (0.01-0.84) for 
prospective rifampin cohort, p 

= 0.03.  

416 

 
Other Agents 

Rifampin 
+ 
Various 
other 
antibiotics 

600 mg PO 
qd x 6 mos 

Variable 50% 
(7/14) 

All cases refractory to prior 
therapy 

410 

Linezolid 600 mg PO 
q12 h 

? 60% (45/89) Compassionate use program 487 

Linezolid 600 mg PO 
bid 

Variable 77% (17/22) Post arthroplasty (10), ortho 
trauma (8), other (4) 

488 

Clindamycin 50-150 mg 
PO q  

6 h x mean 
16 weeks 

Variable 42% (5/12)  489 

Clindamycin 600 mg tid 1 year 67% (31/46) Combined with rifampin (37), 
fusidic acid (4), or 

fluoroquinolone (4), including 
40% of patients with prosthetic 

490 
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infections 

Clindamycin 600 mg tid 
or qid by 

body weight 
+/- other 

antibiotics 

3-6 weeks 83% (111/133) Clindamycin alone (31), with 
rifampin (27), levofloxacin 

(61), other (51) 

491 

TMP-SMX 1-2 DS tab 
PO bid 

? 83% (5/6) None had debridement 492 

TMP-SMX 1 DS tab 
PO bid x 4-

8 weeks 

11-70 
mos 

45% (30/66) 55% of patients had 
debridement 

493 

TMP-SMX 
+ 
Rifampin 

3.5 mg/kg 
(TMP) PO 

bid 
600-1200 
mg PO qd 

both x mean 
5 weeks 

6 mo to 5 
yrs 

100% (27/27) All patients had debridement 494 

TMP-SMX 
+/- 
Rifampin 

DS PO BID 
 

300-450 mg 
PO bid both 
for median 
10 weeks 

2 years 82% (28/34) 10 patients had debridement, 
all of whom were cured 

495 

TMP-SMX 5 mg/kg 
(TMP) PO 
bid x 6-9 

mos 

24-75 
mos 

67% (26/39) 11 patients had device 
removed 

496 

TMP-SMX Dose 
unclear, 

treated for 6 
mos 

12-60 
mos 

98% (59/60) All patients had debridement 497 

TMP-SMX 4-6 mg/kg 
(TMP) PO 

6-7 wks 78% (40/51) 76% with prosthetic infections, 
47% caused by gram-negative 

bacteria  

498 

(TMP-SMX  
or 
Linezolid) 
+ 
Rifampin 

8 mg/kg 
(TMP) PO 
600 mg bid 

 
10 mg/kg 

bid 
all given iv 
x 1 week 
and then 

≥12 mos 89% (37/41) 
 

79% (29/38) 

20 patients with chronic 
osteomyelitis and 56 with 

orthopaedic implant infections; 
mean (range) treatment 

durations were 15 (1-53) 
weeks for TMP-SMX based 
therapy and 18 (8-36 weeks) 
for linezolid-based therapy; 
adverse event rates similar 

499 
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oral (46% vs. 43%), 
discontinuation rates similar 

(14% vs. 21%) 
Fosfomycin 10g x 1, 

then 5 g tid 
5-28 days 47% (29/60)  Outcome defined as “very 

good”, mean 37 month follow 
up 

500 

Fosfomycin 4 to 8 g per 
day 

IV or PO 29/37 (78%) 23 debrided 501 

Fosfomycin 8 to 16 g 
IV, then 2-4 

g PO per 
day 

IV or PO 99/99 (100%) 39 debrided, started IV or IM, 
then transitioned to oral 

502 

Fusidic acid Varied PO, 
varied 

73/80 (91%)‡ Review of numerous case 
reports and small case series 

503 

Fusidic acid 20 mg/kg PO 19/20 (95%) 15 received other antibiotics 
with fusidic acid, 5 fusidic acid 

alone 

504 

 
Diabetic Foot Osteomyelitis 

Clindamycin
, 
Amoxicillin/ 
clavulanate, 
Metronidazo
le, Fusidic 
acid, 
Ciprofloxaci
n,  

Oral with 
some IV 
lead in 

Varied 17/22 (77%) Varied treatment, varied 
durations 

505 

Floxacillin, 
Amoxicillin/ 
clavulanate, 
Cephalo-
sporins, 
Flouro-
quinolones, 
Clindamycin
, 
Metroniazol
e 

Varied Oral with 
IV lead in 

35/50 (70%) Treatment with a mean of 3 
weeks IV followed by 6 weeks 

oral 

506 

Ofloxacin + 
Rifampin 

200 mg PO 
tid + 600 

mg PO bid 

Oral 13/17 (76%) Treated for 3 to 10 months 507 
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Metronidazo
le, 
Flouroquinol
ones, TMP-
SMX, 
Amoxicillin/ 
clavulanate, 
Clindamycin
, Cephalexin  

Varied Oral (with 
some IV 
lead in) 

75/93 (82%) Culture guided antibiotics, 
mean duration 6 weeks  

508 

Amoxicillin-
clavulanate, 
Flouro-
quinolones, 
Clindamycin
, TMP-
SMX, 
Rifampin 

Varied Oral (with 
some IV 
lead in) 

264/339 (78%) Numerous regimens used, 
however, amoxicillin-

clavulanate was the most 
common (N = 301) 

509 

*Definition of cure varied among the studies. 
†This was a randomized study of ciprofloxacin at 750 mg vs. 1000 mg twice per day.  Because 
no comparator therapy was utilized, it is included in the non-randomized study section.  DS = 
double strength tablet. 
‡Based on a literature review, total case numbers >80, but difficult to count precisely from the 
review. 
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Table 5. Summary of Oral Antibiotic Doses Used in Published Studies for Osteomyelitis 

Drug Dose Comment/References 
Ciprofloxacin 500-750 mg BID • Higher dose for Pseudomonas 29-

31,38,472-478,482,483 
Levofloxacin 750 mg once daily • Levofloxacin dosing based on 41,416,510; 

L-enantiomer of ofloxacin, the latter of 
which was widely studied for 
osteomyelitis36,480,481,484,486 

TMP-SMX 7.5-10 TMP mg/kg/d divided twice 
or thrice daily (e.g., 2 DS tablets 

twice daily for a 70 kg adult) 

• Most studies used 7.5-10 mg/kg/d, 
35,38,494,496,499; 2 studies493,498 used 4-6 
mg/kg/d, with lower cure rates in one 
of them493 

Clindamycin 600 mg TID; 900 TID or 600 QID 
for larger patients 

• 450 mg QID may be used but was not 
favored in published studies490,491,511 

Linezolid 600 mg BID • Standard dosing,37,487,488,499 monitor for 
reversible hematotoxicity after 2 
weeks, and irreversible neurotoxicity 
after 4 weeks 

Amoxicillin/ 
Clavulanate 

500 mg TID or 875 mg BID • Specifically for DFO36-38 

Rifampin 600 mg once daily • Doses studied include 600 once per 
day.35,41,410,485,494 900 mg once 
daily416,486 or 600 mg BID,417,499 
unclear if efficacy or toxicity differs 

• 300 mg doses less desirable due to 
lower AUC levels and less 
convenience for patients22,23 

Fosfomycin* 4 to 16 g per day • Various doses studied with 
formulations available outside the US, 
not studied with the sachet powder 
formulation in the US500-502 

*There are no published data for the treatment of osteomyelitis with the sachet powder oral 
formulation of fosfomycin available in the US 
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Overall Summary: 
 
Observational Data for Osteomyelitis Including DFO and PJI 
The historical basis of requiring IV therapy for the treatment of osteomyelitis was the relatively 
poor outcomes achieved with parenteral penicillin and aminoglycosides in the 1940s and 
1950s.512  During that early period in the history of antibiotics, the only drugs that were available 
for oral administration had limited bioavailability and/or spectra of activity (e.g., sulfanilamide, 
erythromycin, tetracycline).  By the time advanced oral formulations of penicillin derivatives and 
other modern antibiotics became available in the late 1950s and 1960s, medicine had already 
long adopted a traditional, non-evidence-based culture of requiring IV-only therapy for 
osteomyelitis. 

However, extensive pharmacology studies in the modern era have demonstrated that 
numerous oral antibacterial agents, including clindamycin, the fluoroquinolones, fosfomycin, 
fusidic acid, linezolid, metronidazole, rifampin, and TMP-SMX, achieve levels in bone with 
standard oral dosing that are well above the MICs of susceptible pathogens (as discussed in 
Section 4d).  Oral amoxicillin may also penetrate into bone to achieve peak levels well above the 
MICs for sensitive gram-positive pathogens, at least when administered at a 1-2 g dose.363  The 
data for other oral β lactams and tetracyclines are less clear regarding the reliability of exceeding 
target MICs in bone.  However, clinical experience, discussed below, suggests that these drugs 
may be effective in some cases. 

Concordant with the pharmacology data, more than 40 observational studies have 
demonstrated that oral administration of antibiotics resulted in treatment success rates for 
osteomyelitis similar to those historically experienced with IV therapy (Table 4).16,483,488,490,510,513  
These studies evaluated a wide variety of patients with adult osteomyelitis, including long bone, 
vertebral, skull based, DFO, and PJI. 

The study drugs in the majority of these reports were fluoroquinolones, with or without 
adjunctive rifampin.472-486,510  However, second in frequency of study has been TMP-SMX, 
which has been shown in at least seven observational studies of adults to be associated with 
excellent treatment success rates, again with or without adjunctive rifampin.493-499  While the 
majority of these infections were caused by staphylococci, outcomes were similar in the 
remaining infections caused by streptococci or gram-negative bacilli.  TMP-SMX has also been 
shown to be safe and effective for treating osteomyelitis in children.514  Linezolid, clindamycin, 
and fosfomycin (the latter with an oral formulation available outside of North America; not 
studied with the sachet powder formulation) have also been studied as oral therapy, with 
reasonably high cure rates,487-491,500,501,515 and clindamycin has been studied widely in children, 
including in an RCT,516 with favorable outcomes. 

 
Randomized Controlled Trials of Osteomyelitis Including DFO and PJI 
Concordant with the observational data, eight RCTs in adults have unanimously demonstrated 
similar efficacy outcomes of oral vs. IV therapy in more than 1,300 patients with osteomyelitis, 
including with vertebral or long bone osteomyelitis and PJI (Figure 3).17,18,29-35  Furthermore, in 
the largest RCT, patients receiving oral therapy reported better mobility, self-care, and activity 
levels, and less pain, discomfort, anxiety, and depression than patients receiving IV therapy.17  
Finally, cost was reduced by more than $3,500 for oral vs. IV therapy.  Four of these RCTs 
explicitly included orthopaedic implants/PJIs, which constituted more than half of the enrolled 
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population in the largest RCT.17,30,31,35  Vertebral osteomyelitis was also included in the largest 
RCT, comprising approximately 10% of the enrolled patients.17 
 In addition, nine RCTs have been published in which oral antibiotics constituted the large 
majority of therapy in both arms for the treatment of osteomyelitis, with excellent outcomes.36-44  
These RCTs compared different durations of oral therapy or different oral antibiotic agents, and 
included patients with vertebral osteomyelitis, DFO, and PJI, with only short IV-lead in periods 
before patients were switched to oral therapy. 

For example, in an RCT comparing 6 vs. 12 weeks of therapy for 359 patients with 
vertebral osteomyelitis, more than 90% were treated with oral antibiotics in both the 6- and 12-
week arms.44  Treatment success rates were 91% in both arms and did not differ between patients 
treated with <1 week or >1 week of IV lead-in antibiotics. 

In an RCT of patients with PJI, <1 week of other antibiotics were administered before 
patients were switched to oral levofloxacin at 750 mg plus rifampin 600 mg once daily.  The per 
protocol (n = 44) treatment success rates were 92% and 95% in the short vs. long therapy arm at 
a median of 862 days of follow-up.41  In a second RCT of PJI involving 123 patients, a mean of 
only four days of IV antibiotic lead-in was administered before patients were switched to oral 
therapy, which consisted of a variety of antibiotics, including a relatively even blend of 
quinolones, clindamycin, doxycycline, amoxicillin-clavulanate, and TMP-SMX.42  Treatment 
success rates were 94% and 95% in the 4 vs. 6 week therapy arms.  In a third, large RCT of 384 
patients with PJI, the median duration of IV therapy administered was only nine days, with the 
remainder of therapy of 6 vs. 12 weeks of therapy being administered orally, with a wide variety 
of agents.43  Treatment success rates were 83% and 93% in the 6- vs. 12-week arm at a median 
of two years of follow-up.  Thus, not only do RCTs comparing outcomes of oral vs. IV therapy 
confirm oral efficacy with PJIs with little IV lead-in, but very high rates of treatment success 
have been seen in RCTs comparing durations of therapy predominantly administered orally. 

Perhaps because of the long-standing, general acceptability of oral step-down therapy for 
DFO (dating back to the early to mid-1980s in observational studies), there have not been 
published RCTs comparing IV-only to oral therapy specifically for DFO.  However, there have 
been RCTs that compared various oral regimens in both arms for treating DFO.  Amoxicillin-
clavulanate, clindamycin, or cephalosporins or fluoroquinolones with or without metronidazole 
or rifampin have been typically used in such studies, as described below. 
 For example, in 1997, Lipsky et al. randomized 88 evaluable patients with DFI to 
treatment with IV to oral step-down therapy with ofloxacin vs. ampicillin-sulbactam followed by 
amoxillin-clavulanate.36  Twenty-six (30%) of these patients had osteomyelitis.  The mean 
duration of IV therapy was approximately one week, followed by a mean of approximately two 
weeks of oral therapy for both arms.  There was no significant difference in long-term treatment 
success between the two arms (85% vs. 83%), indicating that both options were reasonable. 
 In 2004, Lipsky et al. conducted another RCT comparing linezolid vs. 
ampicillin/sulbactam or amoxicillin-clavulanate in patients with DFI.37  Treating physicians were 
able to decide the route (oral or IV) of administration, and this could change according to their 
judgment over the treatment course.37  Of 361 study patients, 77 (21%) had osteomyelitis.  The 
mean durations of treatment were 8 vs. 10 days IV, and 17 vs. 17 days total, for linezolid vs. the 
β lactam arms.  The success rates for the osteomyelitis patients were 61% (27/44) vs. 69% 
(11/16) for the linezolid vs. β lactam arms. 
 In 2014, Lazaro-Martinez et al. randomized 46 patients with DFO to treatment with 90 
days of antibiotics without surgical management vs. conservative surgical debridement (defined 
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as removal of infected bone without amputation) plus 10 days of antibiotic therapy.38  All 
antibiotics were administered orally, consisting of twice daily ciprofloxacin 500 mg, amoxicillin-
clavulanate 875/125 mg, or TMP-SMX 160 mg/800 mg.  Overall outcomes were excellent, as 
treatment success was achieved in 86% (19/22) of patients treated with 10 days of antibiotics vs. 
75% (18/24) of patients treated with 90 days of antibiotics.  No difference in outcome was 
described by type of antibiotic. 
 Finally, two RCTs of longer vs. shorter therapy for patients with DFO were based on the 
use of oral therapy, with or without IV lead-in, with a wide variety of agents, including 
amoxicillin-clavulanate, quinolones, TMP-SMX, doxycycline, linezolid, with or without 
adjunctive rifampin.39,40  Treatment outcomes were good in both arms of both studies, with 
overall 39/64 (61%) and 50/69 (72%) patients respectively achieving successful clinical 
outcomes. 

Particularly striking is the absence of any contrary published data, whether observational 
or RCT, that demonstrates superior outcomes with IV therapy.18  The numerous studies of oral 
therapy cannot necessarily encompass every conceivable iteration of osteomyelitis (body site, 
organism, resistance profile, type of foreign implant, patient factors, etc).  Nevertheless, the data 
demonstrating safety and efficacy of oral therapy are sufficiently robust and concordant across 
numerous patient and disease types, including vertebral osteomyelitis, DFO, and PJI, that 
combined with the absence of any data indicating superior outcomes with IV therapy, they 
provide a reasonable basis for determining that oral therapy is a generally acceptable option 
when patients become clinically stable and can tolerate oral medications. 

 
Published Antibiotic Selection 
As for the observational data, the majority of the RCTs comparing oral to IV therapy studied 
fluoroquinolones with or without rifampin therapy, while one trial also specifically studied TMP-
SMX plus rifampin.35  However, as mentioned, in other RCTs comparing various oral regimens, 
myriad antibiotic types were administered.  Overall, fluoroquinolones and TMP-SMX have the 
most published data.  Clindamycin is also reasonable to consider based on observational studies, 
its inclusion in the largest oral vs. IV RCT as an option, its use in studies comparing different 
oral regimens for PJI, and extensive pediatric data.17  Metronidazole is also a reasonable option 
for anaerobic coverage based on published observational data.16 

Unfortunately, there is a high rate of relapse (in some studies more than 50%), typically 
with emergence to resistance, among osteomyelitis caused by staphylococci treated with 
fluoroquinolone monotherapy.16,374,483  Thus, it seems prudent to avoid fluoroquinolone 
monotherapy in treating staphylococcal osteomyelitis.  An alternative agent (e.g., TMP-SMX, 
clindamycin, linezolid), or addition of rifampin to fluoroquinolone therapy, are reasonable 
options. 

Furthermore, fluoroquinolones may be less desirable than other available agents due to 
increasing reports of various potentially serious toxicities,517,518 and the need to preserve them as 
oral step-down agents for broad gram-negative bacterial coverage.  Thus, alternative options for 
gram-positive bacteria may often be preferred and, if the etiologic organism is likely susceptible 
to TMP-SMX, the latter may be a reasonable option for gram-negative osteomyelitis as well.  Of 
course, TMP-SMX has also been associated with a variety of potentially serious adverse events 
(e.g., allergic reactions, hepatitis, hyperkalemia, etc.).519 

Both linezolid and metronidazole (more commonly the former) may cause irreversible 
neuropathies after >4 weeks of therapy, and these agents should generally be avoided for 
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prolonged therapeutic periods if other agents or safer treatment options are available.  If these 
agents are to be administered for more than 2-3 weeks, patients should be counseled regarding 
these potential side effects.  Hematologic side effects of linezolid should be monitored for after 
two weeks of therapy. 

There is less published experience with most oral β lactams, doxycycline, fosfomycin, 
and fusidic acid for the treatment of osteomyelitis.  Amoxicillin-clavulanate is an exception; it 
has been widely used in the treatment of DFO, including in RCTs, as described above.  
Fosfomycin (again not studied with the sachet powder formulation available in North America) 
and fusidic acid have favorable bone PK and resulted in favorable outcomes in several published 
observational studies (Table 4).  Furthermore, doxycycline is standard of care for treatment of 
some forms of atypical osteomyelitis, such as those caused by Coxiella burnetii and Brucella 
spp.520-522  While this experience may not be directly extrapolatable to pyogenic osteomyelitis, it 
does support the concept that doxycycline can get into bone adequately to cure infection. 

Pharmacological considerations may be less favorable for most β lactams (excepting 
amoxicillin) and doxycycline.  Nevertheless, in the largest RCT, oral penicillins and doxycycline 
were each administered to more than 10% of patients, and outcomes were not described to differ 
in these patients.17  Thus, limited data for oral β lactams, doxycycline, fosfomycin, and fusidic 
may suggest potential usefulness.  Such data are not yet robust enough to enable a 
recommendation for or against their use, except for amoxicillin-clavulanate, which has resulted 
in high success rates in several RCTs for DFO.  Nevertheless, given their spectra of activity, high 
potency against susceptible pathogens, and limited data in an RCT, other β lactam agents may be 
considered for individual patients. 

All these oral options, including linezolid, are generic and relatively inexpensive.  Hence, 
cost is generally not a relevant factor for selection among them (while it is decidedly a relevant 
factor favoring oral options over IV agents). 
 
Published Antibiotic Dosing (Table 5) 
In osteomyelitis studies, doses of ciprofloxacin have typically ranged from 500 to 750 mg twice 
daily (the latter especially for Pseudomonas).29-31,472-478,482,483  Many of the fluoroquinolone 
studies were of ofloxacin, which has been replaced clinically by its active L-enantiomer, 
levofloxacin.  A dose of 750 mg of levofloxacin once daily is reasonable for 
osteomyelitis.41,416,510  TMP-SMX has generally been studied at approximately 7.5-10 mg/kg per 
day of trimethoprim in divided doses (e.g., two DS tablets twice daily for a 70 kg 
adult).35,38,494,496,499  It has not been established that these higher doses of TMP-SMX are 
necessary to affect cure; in two studies doses of 4-6 mg/kg per day of TMP-SMX were 
administered,493,498 but cure rates were notably lower in one of them.493  Attention to renal 
function and potassium are important with higher doses of TMP-SMX and concomitant exposure 
to other agents which are potassium-sparing (e.g., angiotensin-converting enzyme inhibitors and 
angiotensin receptor blockers) should be evaluated and considered.523 

General dosing of oral clindamycin has been 600 mg thrice daily, with escalation to 900 
mg thrice daily or 600 mg four times daily in larger patients.490,491,511  Linezolid has been studied 
at 600 mg twice daily.37,487,488,499  If rifampin is to be administered, 600 mg once per day may be 
preferred to 300 mg twice daily or 450 mg once daily both due to dramatically superior AUC 
PK,22,23,524,525 the fact that the PK/PD driver that best correlates with the drug’s antimicrobial 
activity is total AUC/MIC,24,25,526 and the simpler regimen of once vs. twice daily (discussed at 
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length in Section 4e).  Whether dosing rifampin at higher levels (900-1,200 mg per day in 
divided doses) alters efficacy is unclear, although it may increase toxicity. 

As discussed in question 4, section 3, caution should be taken if rifampin is to be 
administered with linezolid, due to a substantial pharmacokinetic interaction, lowering linezolid 
levels, which may be associated with a higher clinical failure rate.437-439  Similarly, co-
administration with rifampin may lower clindamycin and fusidic acid, although there is no 
evidence that clinical failures are more likely with these pairings.440-445 
 Amoxicillin-clavulanate has been dosed at either 500/125 mg thrice daily36,37 or 875/125 
mg twice daily37,38 in individual studies for DFO (and some studies gave the option of either37), 
with no apparent distinction in outcomes.  There are few published data for amoxicillin-
clavulanate for osteomyelitis outside the context of DFO. 
 Of note, dosing of antibiotics should be adjusted for renal function or other clinical 
factors based on prescribing recommendations for each drug. 
 
Patient Selection Criteria for Oral Therapy 
Reasonable clinical criteria can be applied to select patients eligible for oral therapy.  The 
duration of IV therapy prior to initiation of oral therapy has varied in the RCTs.  In some studies, 
no IV lead-in was administered per the study protocol.35,38-40  In the largest studies, a mean of 
only 9 or 10 days of IV therapy were administered before switching to oral agents for multiple 
subsequent weeks of therapy.17,43  Thus, the cumulative data do not indicate that it is necessary to 
begin with IV therapy, nor for how long to administer it, before switching to oral therapy. 

Nevertheless, patients who are clinically unstable (e.g., hemodynamically unstable, spinal 
instability, etc) should generally receive IV therapy, due to concerns about the ability to 
administer and absorb oral regimens and the desire to achieve more rapid therapeutic levels.  
Patients who will require procedural source-control typically require inpatient care, and often 
require withholding oral intake to prevent aspiration during procedures.  Therefore, these patients 
are likely better suited to receive IV therapy.  While RCTs have demonstrated efficacy of oral 
therapy for bacteremia and endocarditis,18,527 persistence of bacteremia on therapy portends a 
poor prognosis, may indicate source control is needed, and likely necessitates ongoing inpatient 
care to ensure bacteria clear from the blood.  Hence, IV therapy may be preferred until clearance 
of bacteremia.  Finally, there may be psychosocial reasons why IV therapy is preferred in 
individual patients.  For example, patients who are unlikely to be willing to take oral therapy, 
and/or who are otherwise likely to be in need of skilled nursing care, may benefit from IV 
therapy to help justify the higher level of care. 
 Collectively, therefore, it is reasonable to consider administration of oral antibiotics for 
the treatment of osteomyelitis when the patient meets all of the below criteria18,527: 
 
1) clinically stable (e.g., hemodynamically stable, no spinal instability, etc);  
2) does not require (or no longer requires) procedural source control and without persistent 

bacteremia; 
3) is likely to absorb oral medications from a functioning GI tract; 
4) there is an available regimen used in published studies to cover likely target pathogen(s); and 
5) there are not psychosocial (e.g., need to justify specific levels of care, adherence concerns, 

etc.) reasons that preclude the safe use of oral therapy 
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Question 6: What is the role and optimal utilization of serial biomarkers and/or imaging 
studies for assessing treatment response in osteomyelitis? 
 
Executive Summary: No RCTs have been performed to establish the role of repeated biomarker 
or imaging assessment in altering treatment decisions in patients with osteomyelitis.  
Retrospective/observational studies suggest that routine monitoring with inflammatory 
biomarkers (e.g., ESR, CRP) or serial imaging studies has poor predictive value for individual 
patients’ long-term treatment success.  Inflammatory biomarker activity changes with therapy 
and, at a population level, may be statistically predictive of relapse.  However, it is not clear how 
the information biomarkers provide differs from clinical observations of success or failure over 
time at the individual patient level and, hence, how they might change management compared to 
clinical observation alone.  Furthermore, their sensitivity and specificity are poor at predicting 
outcomes for individual patients (likelihood ratios <5), and these tests are thus of unclear benefit 
for altering care plans.  Imaging studies, including MRIs, PET scans, and other nuclear imaging, 
are highly sensitive and often continue to show abnormal marrow signal for many months, 
including in patients who have achieved or ultimately will achieve treatment success.  Therefore, 
there is no established role for routine monitoring of inflammatory biomarkers or imaging 
studies during treatment of osteomyelitis, either in the presence or absence of foreign 
bodies/implants.  The only potentially identifiable roles for such studies are the use of repeat 
imaging in patients who are not responding to antimicrobial therapy, in order to determine if 
source control is needed, enable a reconsideration of the etiologic pathogen, or reconsider the 
accuracy of the diagnosis of osteomyelitis or PJI. 
  
 
Overall Summary: 
 
Observational Studies of Serial Biomarkers in Assessing Treatment Response in 
Osteomyelitis 
ESR and CRP are the two most commonly used serum biomarkers in establishing diagnosis of 
osteomyelitis and its response to therapy in conjunction with clinical acumen, history or physical 
examination findings, and diagnostic imaging.  Other serum biomarkers such as procalcitonin 
have not been shown to have better sensitivity. 

No RCTs have been published to assess the impact of serial biomarkers on the treatment 
outcomes of osteomyelitis or joint infections.  However, numerous observational studies of 
various designs, sizes, and quality have been published that evaluate the utility of such tests. 
 
Vertebral Osteomyelitis 
Among many studies, Carragee et al. conducted a retrospective chart review of 44 cases to 
describe the clinical use of ESR in monitoring outcomes for pyogenic vertebral osteomyelitis.528  
The 44 patients had ESR tested at or before time of diagnosis and at least twice during the 
following month. The study revealed a correlation of ESR with response to treatment, in that 
those with a decline in ESR were unlikely to have clinical failure.  Indeed, a rapid decline of 
ESR (> 50% in the first month) was rarely seen in treatment failure.  However, failure to decline 
did not predict failure.  Indeed, by approximately two weeks after antibiotic treatment, 19 of 32 
patients had ESRs that were actually higher than at the time of diagnosis.  Yet these patients 
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went on to achieve clinical cure without surgery.  Thus, the accuracy of the ESR at predicting 
who would fail and require some modification to the treatment regimen was poor.  It is unclear 
how the test could alter therapy compared to clinical observation alone. 

Similarly, in observational studies of 345, 79, and 38 patients with vertebral 
osteomyelitis, ESR and CRP levels were assessed and compared between patients who did or did 
not achieve long-term treatment success.529-531  There was no relationship between ESR and CRP 
and risk of subsequent relapse at any time point. 

In a study of 45 patients, Yoon et al. found that an ESR >55 mm/h and CRP > 27.5 mg/L 
at four weeks after antibiotic treatment was associated with a higher rate of treatment failure, 
defined as disease progression or recurrence, with an OR (95% CI) of 5.2 (1.0-26.6; p = 0.04).532  
However, the maximal sensitivity and specificity for ESR was 70% and 40%, respectively, and 
for CRP was 40% and 86%, respectively (+LR ≤ 3 and -LR ≥ 0.7).  Thus, while the odds ratios 
for treatment success at the population level may have statistically correlated with short-term 
failure, accuracy of the tests for shifting post-test probabilities at the level of individual patients 
was poor. 

Babouee Flury et al. conducted a retrospective study of 61 patients with vertebral 
osteomyelitis and found that the only independent predictor of switch to oral antibiotics was a 
lower CRP at two weeks compared with baseline, with an OR of 0.7 per 10 mg/L increase in 
CRP (p = 0.041).533  Thus, CRP correlated with physicians’ clinically-based assessments that 
patients were improving.  Furthermore, nearly all patients achieved clinical response, whether 
their CRP fell or not.  Again, it is unclear how biomarker information could have changed 
management. 

Similarly, in a retrospective analysis of 21 patients with postoperative wound infections 
after spinal surgery, Khan et al. found that ESR levels did not correlate with clinical 
improvement.534  However, the authors reported that CRP levels tracked well with clinical 
response: decreases in CRP levels paralleled patients clinically responding, while CRP levels 
remained elevated in patients who were clinically failing.  Patients with clinical failure 
demonstrated persistent sinus tract drainage of pus while on therapy, required repeat surgical 
debridement, and/or had persistent erythema at the infection site.  Yet, all of the clinically failing 
patients were known to be failing anyway based on physical exam, so it is unclear what new 
information the CRP added.  In other words, CRP did not provide additional, practice-altering 
information over and above physical exam findings that were consistent with treatment failure.   
  
DFO 
Michail et al. conducted a prospective study to examine the performance of serum inflammatory 
markers in the diagnosis and monitoring of patients with DFI.535  Of 61 patients (average age 63) 
with untreated foot infection, 27 had a diagnosis of osteomyelitis based on clinical exam and 
confirmed with imaging.  The remainder (n = 34) were diagnosed with soft tissue infection only.  
Serologic markers (e.g., ESR, CRP) were obtained in all patients at baseline, one week, three 
weeks, and three months.  At baseline, serologic markers were significantly higher in patients 
with osteomyelitis compared to those with soft tissue infection.  After initiation of antibiotics, 
serologic markers declined.  While it took, on average, seven days for CRP to return to near 
normal, ESR remained high until month three in those with underlying osteomyelitis.  
Unfortunately, outcomes are not described in this study, so it cannot be ascertained whether 
either marker accurately predicted clinical response to therapy, and in a manner distinct from 
clinical observation alone. 
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Tardaguila-Garcia et al. conducted an observational cohort study to analyze the predictive 
role of inflammatory markers in the healing time of DFO either managed by surgery or antibiotic 
treatment.536  They found no correlation of inflammatory markers with healing time regardless of 
treatment group. 

Van Asten et al. conducted a cohort study of 24 patients with DFO to determine if 
inflammatory markers could be used to monitor the treatment of DFI.537  The biomarkers of 
interest included ESR, CRP, PCT, interleukins (IL-2, IL-6, IL-8), and TNF.  The authors 
reported that CRP, ESR, PCT, and IL-6 levels significantly declined in the group with 
osteomyelitis after starting therapy.  However, outcomes were not assessed, and it was therefore 
again not possible to determine how such levels could have altered outcomes or management 
compared to clinical observation alone. 

In a second, longitudinal cohort study, Van Asten et al. evaluated trajectories of 
biomarkers, including ESR, CRP, and WBC count in 122 patients treated for DFO.537  Initial 
inflammatory levels did not correlate with long-term outcomes.  The authors found that CRP and 
ESR fell less rapidly in patients who had poor outcomes compared to those who healed with 
therapy.  However, no formal ROCs were calculated, and the graphs demonstrate considerable 
overlap between the values over time, suggesting accuracy was low at distinguishing outcomes 
in individual patients. 
 
Non-vertebral Osteomyelitis 
Lin et al. sought to determine the association between both ESR and CRP and osteomyelitis 
recurrence.538  They reviewed records of 81 males and 27 females with a median age of 54 years 
(range 10 to 87) who underwent antibiotic and surgical treatment for primary (n=68) or recurrent 
(n=40) osteomyelitis that was related (n=26) or unrelated (n=82) to a prosthesis.  Of the 40 cases 
of osteomyelitis recurrence at a median 23.4 (range, 0.6-74.0) months of follow up, 7 and 33 
were related and unrelated to a prosthesis, respectively.  Risk factors for osteomyelitis recurrence 
were ESR ≥ 20 mm/h, infection with MRSA, and infection in the lower limb.  Evaluating 
numerous cut-points of both ESR and CRP by regression analyses, they were able to find 
statistically significant relationships between individual test levels and hazard ratios of 
recurrence of osteomyelitis among the entire cohort.  However, the sensitivity and specificity for 
both tests at predicting relapse in individual patients ranged from 50% to 85% (with most values 
being in the 60%-70% range), resulting in relatively poor +LR and -LR < 5 and > 0.6, 
respectively, at all cut-point values analyzed.  Thus, irrespective of odds ratios for predicting the 
proportion of patients who would relapse across a population, the tests remained relatively 
inaccurate for predicting who would relapse among individual patients. 

Faizal et al. reported on 51 adult patients with skull-base osteomyelitis, for whom ESR 
and CRP were ordered at initiation of therapy and at end of therapy, between week 6 and 8.539  
Upon completion of eight weeks of antibiotic therapy, 30 of the 51 (59%) patients were 
asymptomatic.  Of these 30 patients, only three had achieved normal ESR and CRP values.  Yet 
all 30 of these patients continued to be asymptomatic throughout the period of follow up, 
indicating the testing was not useful.  Furthermore, the authors tried to establish best cut-off 
values for ESR or CRP, which, while still reflecting abnormal levels, had fallen enough that they 
could be considered indicative of treatment success.  The best sensitivity and specificity they 
could achieve were 70%-80% and 60% (+LR and -LR <3 and >0.3), respectively, and the best 
correlation between ESR/CRP and PET scan was 60%-70%. 
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PJI 
Ghani et al. examined the usefulness of CRP testing in determining whether a PJI had been 
treated successfully.540  They found no difference between the mean CRP values of successful 
vs. unsuccessful treatment groups.  Similar studies suggest that serial CRP monitoring is not   
reliable in determining infection specifically in two-stage revision procedures.  Ghanem et al. 
sought to determine the usefulness of CRP as a test to determine the eradication of infection and 
the success in DAIR and single-stage revision.541  The optimal ROC was 0.55 (poor capacity to 
distinguish), which was not statistically significant.  They concluded that CRP often does not 
normalize even when the infection is eradicated. 

Shukla et al. performed a study looking at 87 infected total hip arthroplasties treated with 
antibiotic spacer and six weeks antibiotics.542  ESR and CRP were obtained before 
reimplantation.  They came to a similar conclusion that ESR and CRP were not sufficiently 
rigorous tests and frequently remained elevated in patients whose infection had been eradicated. 

Recently, Maier et al. evaluated the ESR:CRP ratio (ECR) as a marker for predicting 
infection resolution in 179 patients with acute PJI, acute hematogenous PJI, or chronic PJI who 
underwent DAIR.543  The area under the ROC was calculated to evaluate ECR as a diagnostic 
marker for predicting postoperative reinfection in patients who underwent DAIR.  Statistically 
significant differences in ECR were found in patients who underwent DAIR revision vs. total 
joint arthroplasty for chronic infection (1.23 vs. 2.33; p = 0.04).  There was no significant 
difference in ECR in patients who underwent DAIR for acute infection (p = 0.7) and acute 
hematogenous infection (p = 0.6).  In patients who underwent DAIR for chronic PJI, ECR 
demonstrated a sensitivity and specificity of 75% and 84%, respectively, for the prediction of 
postoperative reinfection, which was significantly higher than that of ESR alone (sensitivity, 
67%; specificity, 47%; p < 0.001) or CRP alone (sensitivity, 50%; specificity, 26%; p < 0.001).  
Nevertheless, that superior accuracy still resulted in marginally useful likelihood ratios (+LR < 5, 
-LR > 0.3). 

Finally, in one of the largest studies conducted to date, Bejon et al. also came to a similar 
conclusion.544  They analyzed 3,732 serially obtained CRPs from 151 total joint arthroplasty 
patients (71 hip, 76 knee, and four elbow revisions) who had undergone two-stage revision for 
PJI, and 109 patients who had undergone DAIR (51 hip replacement, 50 knee replacements, and 
eight other joints).  They reported that CRP values and changes in values were inaccurate at 
predicting treatment success, with poor ROCs.  As Dr. Bejon and colleagues noted in their 
discussion, “CRP could not be recommended as a diagnostic test based on the sensitivity and 
specificity values indicated by ROCs.  This does not reflect limited power of the study, but the 
wide scatter of individual readings in both outcome groups, as found in previous studies.” 
 
Biomarker Summary 
Collectively, the data are not compelling that inflammatory biomarker values over time can 
accurately predict osteomyelitis outcomes in a manner distinct from clinical observation, or 
inform a change in management to improve outcomes in individual patients.  These lab tests may 
be used more for clinician psychological reassurance than to inform beneficial patient care 
decisions.  If so, they are potential examples of wasteful, low-value care.  Absent more 
compelling prospective data that demonstrate their ability to alter clinical decision-making in a 
manner that improves outcomes, we do not recommend their routine monitoring to assess 
response to therapy. 
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Observational Studies of Serial Imaging Studies in Assessing Treatment Response in 
Osteomyelitis 
 
MRIs 
In a study of osteomyelitis in children, 164 MRIs were ordered over time for 59 patients.545  All 
repeat MRIs continued to show evidence of osteomyelitis due to abnormal marrow signal, 
including in patients who went on to treatment success.  Of the 104 repeat MRIs (subtracting out 
the 59 baseline MRIs), 28 were ordered within the first two weeks of therapy, all due to 
“worsening clinical course.”  Eight (29%) of these resulted in a change in management.  Of the 
remaining 76 repeat MRIs that were ordered after the first two weeks of therapy, only three (4%) 
changed management.  Thus, 8/11 (72%) studies that changed management did so within the first 
two weeks of therapy.  Overall, 10 of the 11 studies that changed management were triggered 
because of clinical signs and symptoms of failure of response to therapy.  Thus, in this 
uncontrolled case series, MRI was informative only to confirm clinical suspicion of failure of 
response to therapy, and to guide changes in management; MRI was not informative as general 
surveillance in patients with clinical response. 

In a case series of 79 patients with vertebral osteomyelitis who had repeat imaging, the 
median duration of antimicrobial therapy was 58 days.529  The median follow up was 739 days.  
Imaging was repeated by physician choice at 4 to 8 weeks, likely triggered by clinical concerns 
of treatment failure.  The finding of an improved MRI at 4 to 8 weeks was predictive of long-
term clinical success, achieved in 26 of 27 (96%) patients with improved MRI.  However, those 
patients were clinically improved anyway, so it is unclear how the MRI information could have 
changed management.  Furthermore, when including patients with stable MRI findings at 4 to 8 
weeks, the positive predictive value fell dramatically, to 47 of 65 (72%).  Worsening MRI 
findings failed to reliably predict poor outcome, as only 5 out of 14 (35%) patients with 
worsening MRI at 4 to 8 weeks experienced clinical failure at long-term follow up.  By 
univariate analysis, the strongest predictor of long-term treatment success was clinical 
improvement at follow-up. 

In an additional study of 29 patients with vertebral osteomyelitis, all patients had baseline 
MRIs and repeat MRIs at three months, and 22 patients had additional repeat imaging at six 
months.546  Antibiotic therapy was administered for an average of 14 weeks.  All patients were 
described to have treatment success at 18 months of follow up.  Nevertheless, abnormal MRIs, 
principally due to marrow edema, persisted in 67% of patients at three months of therapy, and in 
15% at six months of therapy.  None of those patients experienced clinical failure, and there were 
no differences in imaging studies in patients who had persistent pain or neurological sequelae 
from infection compared to those who did not.  Finally, 30% of patients had epidural abscesses 
on imaging at baseline, and all had resolved by three months, in parallel with clinical response.  
Persistence of MRI bony abnormalities that did not predict clinical failure on subsequent 
imaging in improving patients has been described in multiple other case series as well.547-549 

  
Imaging Studies: PET Scans, CT Scans, and Nuclear Imaging 
Nuclear medicine scans have also failed to distinguish patients with osteomyelitis who went on 
to have long term treatment success from those who did not—generally because the tests were 
overly sensitive and continued to show bone abnormalities in responding patients.550,551  Studies 
of CT scans have been inconclusive due to small sample size and no correlation of changes in 
radiographic results with long term treatment success.552 
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In a study of 51 adult patients with skull-base osteomyelitis, PET scans were obtained at 
initiation of therapy and at end of therapy, between weeks 6 and 8.539  After completion of initial 
antibiotics, the PET scan was repeated every three months, until it was normal or the patient was 
asymptomatic and had normal ESR and CRP.  Among the 21 patients who continued to have 
symptoms at eight weeks, nine were continued on antibiotic therapy for up to six months, and 
four received treatment for up to 15 months.  Whether or not it was necessary to continue therapy 
because of positive PET scans could not be determined.  Overall, this study found that 
biomarkers and PET scans did not predict clinical failure in patients who were clinically 
responding, did not correlate well with one another, and appeared to result in extreme 
prolongation of therapy in a subset of patients, without clear benefit. 

In two studies totaling 35 patients with vertebral osteomyelitis who had serial PET scans, 
PET scan uptake tended to reduce on antibiotic therapy, consistent with response to 
therapy.548,549  Yet, results significantly overlapped, making it impossible to distinguish someone 
adequately treated from someone who was not.  Furthermore, the sample size, variable follow-
up, and variable antibiotic treatments administered made it impossible to discern if the PET scan 
results precipitated a change in clinical outcomes. 

In a third study of 38 patients with vertebral osteomyelitis, serial PET scans were more 
sensitive and specific than ESR or CRP, achieving approximately an 80% sensitivity and 
specificity for predicting “response”.530  That combination of sensitivity and specificity results in 
+LR and -LR of about 4 and 0.3, which reflects only a modest ability to change post-test 
probability.  Furthermore, the definition of “response” was vague, defined as, “assessed during 
therapy on the basis of clinical status and inflammatory indexes.”  Yet, ESR and CRP may not be 
relevant to assessing therapeutic response.  The only meaningful definition of success is: did 
patients achieve long term success without clinical evidence of relapse (of signs and symptoms 
of infection)? 

 
Imaging Summary 
Cumulatively, no data indicate that routine surveillance imaging of any type, including MRIs or 
PET scans, are clinically impactful, resulting in improved patient outcomes.  Marrow signal 
abnormalities can persist for many months, even in patients who are successfully treated, and 
cannot accurately distinguish those who will achieve treatment success from those who will not.  
The use of imaging studies that are overly sensitive to monitor therapy may have the tendency to 
trigger inappropriately and unnecessarily long courses of antibiotic therapy, exposing patients to 
harm from drug side effects and selection for antibiotic resistance.  The primary driver of clinical 
decision-making (e.g., whether to prolong antibiotics from a standard six-week course of 
therapy, whether to evaluate for the need for a source control procedure, etc) should be clinical 
response to therapy. 

Therefore, we do not recommend routine serial imaging in patients with osteomyelitis to 
determine response to therapy.  However, it is rational to repeat imaging in patients who are 
clinically not responding to antimicrobial therapy to evaluate the need for and feasibility of 
achieving source control, or to reconsider the initial diagnosis. 
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Question 7: What is the appropriate duration of therapy for typical cases of osteomyelitis? 
 
Executive Summary: 
Osteomyelitis (including DFO) without a Retained Implant 
We recommend a maximum of six weeks of antibiotic therapy for hematogenous or contiguous 
osteomyelitis (including DFO), presuming adequate source control (i.e., no undrained abscesses 
too large to be treated with antibiotics alone, e.g., > 2-3 cm diameter) and no retained foreign 
body, reiterating that this guideline only addresses osteomyelitis caused by typical, pyogenic 
pathogens (Table 6).  This Clear Recommendation is based on two RCTs demonstrating similar 
clinical outcomes for vertebral or DFO treated with 6 vs. 12 weeks of antibiotics (Figure 4).39,44  
Additional RCTs suggest that three or four weeks of therapy may result in comparable long-term 
treatment success rates as six weeks of therapy for debrided DFO40 or osteomyelitis with 
removal of an orthopedic implant;42 however, confirmatory data are needed.  Finally, multiple 
observational studies and a small RCT38 suggest that no antibiotics may be required, and 
demonstrate no advantage of antimicrobial durations >2-10 days, after total bone resection with 
clear margins.  If the treating clinicians are confident all infected bone has been resected, we 
generally favor no postoperative antibiotics in this setting and do not recommend durations of 
more than five days. 
 

 
Figure 4. Random effects forest plot of RCTs comparing shorter vs. longer courses of 
antibiotic therapy for vertebral osteomyelitis and DFO in adults.39,44 
 
 
Osteomyelitis with a Retained Implant (including PJI) 
A large RCT of PJI (DATIPO) clearly demonstrated superiority of 12 vs. 6 weeks of antibiotic 
therapy for PJI.43  Thus, participating experts unanimously agree that 12 weeks of therapy is 
preferred for PJI patients managed surgically with DAIR.  However, the absence of a 
confirmatory, second study precludes making a Clear Recommendation, particularly in the 
prosthetic exchange cohorts.  Based on the DATIPO RCT, some experts also clearly prefer 12 
weeks of therapy for all prosthetic exchange PJI patients.  However, most failures in the 6-week 
therapy arm occurred in the DAIR cohort, rather than the prosthetic exchange (1- and 2-stage) 
cohorts.  Furthermore, there were more infections caused by S. aureus in the 6-week therapy 
arm.  These accounted for 72% of the excess failures across all surgical management cohorts in 
the 6-week therapy arm.  Additionally, in a small, second RCT that included 39 patients with PJI 
treated with 2-stage exchanges,42 4 vs. 6 weeks of antibiotics were similarly effective.  Thus, the 
majority of authors felt that equipoise remains regarding 6 vs. 12 weeks of therapy for prosthetic 
exchange patients, particularly if S. aureus is not the etiologic pathogen, and for 1-stage 
exchanges or 2-stage exchanges with negative cultures prior to re-implantation; more data are 
needed to confirm duration in these settings. 

Spinal Osteo: 6 vs. 12 weeks
DFO: 6 vs. 12 weeks
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The appropriate duration of therapy for other forms of retained implants is not clear from 
controlled studies.  One reasonable strategy, without evidence for or against, may be to treat with 
antibiotics until the bone heals sufficiently enough that the implants can be removed. 

Finally, chronic oral suppression may be generally tolerated and suitable for high-risk 
patients with retained infected implants who are poor repeat surgical candidates.  While there are 
no prospective, controlled trials available to confirm that this practice is either safe or effective, 
for some patients, long-term oral suppressive therapy may offer an improved quality of life over 
long-term intravenous therapy, or the risk of relapse from no therapy. 
 
 
Table 6. Summary of Antibiotic Durations for Osteomyelitis 
 Clear Recommendation Clinical Review 
Osteomyelitis without 
retained implant 
(including DFO) 

Maximum 6 weeks • 3-4 weeks may be adequate with debridement; 
confirmatory studies desired 

Osteomyelitis with 
total resection of 
infected bone 
 

 • No antibiotics is a reasonable option 
• We do not recommend exceeding 5 days 

PJI with DAIR  • All participating experts prefer 12 weeks 
• A confirmatory, 2nd study is needed to enable 

a Clear Recommendation 
PJI with Exchange  • 12 weeks favored by some experts 

• Other experts believe equipoise remains for 6 
vs. 12 weeks 
 6 weeks may be reasonable for non S. 

aureus pathogens, particularly for 1-stage 
exchanges 

 6 weeks may be reasonable for 2-stage 
exchange, although there is controversy 
about the need for further antibiotics after 
the second stage (reimplantation) 
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Overall Summary: 
The duration of therapy for osteomyelitis has long been based on anecdote, case series, and 
tradition.  However, multiple observational studies and seven RCTs have now begun to provide 
evidence to resolve this question.  We reiterate that this guideline refers only to pyogenic 
osteomyelitis and does not consider durations of therapy for atypical causes (e.g., TB, fungal, 
Brucella). 
 
Osteomyelitis (including DFO) without a Retained Implant 
 
Observational Data of Spinal and Long Bone Osteomyelitis 
Roblot et al. conducted a retrospective study of 120 patients with vertebral osteomyelitis to 
evaluate the impact of duration of therapy.553  Receipt of ≤6 weeks of antibiotics was not 
associated with an increased risk of clinical failure compared to >6 weeks.  Indeed, at a mean of 
3.5 years of follow up, there was no significant difference in relapse or mortality for patients 
receiving ≤ 6 vs. >6 weeks of therapy. 

Park et al. evaluated duration of antimicrobial therapy and outcomes among 345 patients 
with hematogenous vertebral osteomyelitis.531  Source control was obtained in more than half of 
patients, either by surgery or by needle drainage.  In the pre-planned multivariate analysis, end 
stage renal failure, infection with MRSA, and undrained abscess (paraspinal or psoas) were the 
only predictors of recurrence/treatment failure; receipt of < 6 weeks of antibiotic therapy was not 
associated with recurrence/failure.  Having seen the results of their first multivariate analysis, the 
authors then constructed a post-hoc multivariate model to attempt to refine their results.  In this 
post-hoc model, they found that receipt of <6 weeks of antibiotics was associated with increased 
risk of recurrence.  However, the post-hoc model raises concerns about variable selection bias 
and multiple comparisons issues.  Based on the pre-planned multivariate analysis, prolonging 
antibiotics for > 6 weeks was not associated with a decreased risk of clinical failure, while 
undrained abscesses and MRSA infection were.  These factors might indicate the need to treat 
for > 6 weeks if source control cannot be achieved, and the desirability of finding alternative 
therapies for MRSA in lieu of vancomycin (see Section 5).  In the context of osteomyelitis, there 
are no specific data to define inadequacy of source control; we suggest that the presence of 
undrained abscesses that are too large to be treated with antibiotics alone (e.g., more than 2-3 cm 
in diameter) is a reasonable definition. 

Another study of 49 patients with chronic osteomyelitis who underwent debridement 
evaluated the impact of duration of therapy after surgical intervention.554  The median number of 
debridements was 2 (range 1-10), and the median duration of antibiotic therapy post-debridement 
was 8 weeks (range 4 to 14 weeks).  At a minimum of two years of follow up, 80% of patients 
had persistent treatment success.  By multivariate analysis, neither administration of 1 vs. 2 vs. 3 
weeks of intravenous antibiotics, nor administration of ≤6 or > 6 weeks of total antibiotics post-
debridement, was associated with treatment success. 

Other studies also suggest that courses < 6 weeks may result in similar efficacy to > 6 
weeks of antibiotic therapy.  For example, Meißner et al. (first-author’s last name indexed as 
Meissner on PubMed) treated 53 evaluable patients with chronic, post-traumatic (including 
motor vehicle accidents, gunshot wounds, war wounds) osteomyelitis of the long bones with oral 
fosfomycin (not the sachet formulation available in the US) for between 5 and 28 days.500  These 
patients had very complex histories, with a mean of 37 months of persistence of osteomyelitis 
before treatment with fosfomycin was initiated.  Etiologic pathogens were highly varied, 



 
 

© 2022 Spellberg B et al. JAMA Network Open. 

including S. aureus, coagulase-negative staphylococci, streptococci, enterococci, and a variety of 
Gram-negative bacilli, including P. aeruginosa.  Yet, the ≤ 4 weeks of fosfomycin therapy 
achieved a 73% long term success rate at follow up.  Similarly, Shcherbin et al. studied 33 
patients who had an average of seven years of osteomyelitis following gunshot injuries.555  In 
addition to debridement, patients were treated with lincomycin and gentamicin for ≤22 days 
(range 7-22), resulting in an 88% (23/26) long term success rate at a mean of four years of 
follow-up. 

Finally, Haidar et al. systematically reviewed the literature for reports of patients treated 
with shorter durations of antibiotics for osteomyelitis.378  In their summary of these small, 
uncontrolled case series, they describe a total of 21 other patients (non-redundant with the 
studies described above) treated with 1-4 weeks of a variety of antibiotics, of whom 18 (86%) 
achieved clinical success at last follow-up. 
 
Observational Data of DFO 
Several observational studies have evaluated the potential impact of therapy duration on DFO, 
with or without resection of infected bone.  In a large observational study of 1,018 patients with 
DFI, 392 patients had confirmed osteomyelitis who underwent debridement or amputation, with 
antimicrobial therapy.556  There was no difference in the mean duration of antimicrobial therapy 
for patients who developed recurrent osteomyelitis or not (mean 31 days vs. 34 days).  
Furthermore, there was no difference in the proportion of patients who received <3 weeks of 
total antimicrobial therapy vs. more among patients who developed recurrent osteomyelitis (27% 
vs. 32%).  By multivariate analysis, total duration of therapy or receipt of <3 weeks of antibiotics 
vs. more were not associated with risk of recurrence of osteomyelitis. 

In a study of 184 patients with DFO who underwent surgical resection, administration of 
<7 days of antibiotics in the presence of a positive post-operative margin by histopathology 
(indicating infection extended to the margin) was independently associated with a significant 
increase in risk of additional resection or amputation by multivariate analysis.557  In a smaller, 
prospective observational study, 15 patients with diabetic foot osteomyelitis who underwent 
amputation or resection of infected bone were identified that had negative culture from the 
margin of the resection.558  These patients were considered to have “clean margins”, and were 
administered antibiotics for 8 +/-6 days post-operatively.  Eighty percent (n = 12) achieved 
healing without osteomyelitis recurrence by six months of follow up. 

Kowalski et al. evaluated outcomes in 111 patients who underwent bone resection 
treatment for DFO.559  Of these patients, 39 had positive margins by histopathology, indicating 
residual osteomyelitis at the resection site.  There was considerable overlap between the 
durations of antibiotics administered post-resection in patients with positive vs. negative 
margins, mean 19 days (range 10-134 days) vs. 14 days (range 2-63 days).  There was no 
difference in long-term clinical failure between the two cohorts.  However, more patients with 
positive margins required subsequent, more proximate amputation (44% vs. 15%).  Of the 
patients with positive margins, the duration of antibiotics did not differ between those who 
progressed to failure and/or required further amputation vs. those who did not.  Overall, these 
results suggest that the primary predictor of failure, including need for re-amputation, is surgical, 
rather than medical, management.  This study does not support the practice of prolonging therapy 
post-amputation.  

Finally, in the largest observational study of amputations specifically, Rossel et al. 
followed 482 patients with DFI who underwent amputation of various types.560  Of these, 239 
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patients had a diagnosis of DFO.  Amputation sites varied and included the metatarsals (n = 155), 
midfoot (n = 280), and hindfoot (n = 47).  A median of 7 days (range 1-16 days) of antibiotics 
were administered post amputation.  The investigators conducted a multivariate analysis and 
reported that neither duration of antibiotics, nor receipt of any antibiotics at all post amputation 
were associated with risk of clinical failure.  They recommended that no antibiotics be 
administered after amputation with negative margins. 

Cumulatively, these observational studies have not indicated an increased risk of clinical 
failure when ≤ 6 weeks of antibiotics were administered for various types of osteomyelitis, 
presuming source control is adequately achieved.  Indeed, after resection of infected bone with 
clean margins (defined histopathologically or by negative cultures), it is not clear that any 
antibiotics are required.  When administered in this setting, multiple observational studies have 
found no difference in outcomes in patients treated with a week or less of antibiotics.  Even with 
debridement that does not remove all infected bone, observational data suggest 3 weeks may 
result in similar long-term success vs. longer courses.  However, one study suggested that, when 
infected bone is retained, treatment courses of <1 week may result in higher failure rates. 
 
RCTs for Hematogenous or Contiguous Pyogenic Osteomyelitis without a Retained Implant 
(including DFO) 
Bernard et al. conducted an open-label RCT of vertebral osteomyelitis in which 351 patients 
were randomized to 6 vs. 12 weeks of antimicrobial therapy at 71 centers in France.44  The 
specific antimicrobial agents used were left to investigator discretion, from a list of acceptable 
options.  A wide variety of pathogens were etiologic in the infected patients, including S. aureus, 
coagulase negative staphylococci, streptococci, enterococci, Enterobacterales, and anaerobes.  
One year following treatment, the clinical success rates were 90.9% (160/176) vs. 90.8% 
(159/175) in the 6- vs. 12-week arms.  All subgroup analyses were concordant. 
 Tone et al. conducted an open-label RCT of 6 vs. 12 weeks of antibiotic therapy for 40 
patients with biopsy-proven DFO across 5 centers in France.39  The patients were all managed 
without amputation.  Again, a wide variety of antimicrobial regimens were used.  Staphylococci 
and gram-negative bacteria were the predominant pathogens encountered.  At a mean of 12 
months of post-treatment follow up, treatment success rates were 60% (12/20) vs. 70% (14/20) in 
the 6- vs. 12-week groups.  Fewer patients in the 6-week cohort experienced adverse events 
related to antimicrobial therapy compared with patients treated for 12 weeks. 
 Lazaro-Martinez et al. randomized 46 patients with DFO to 10 days of antibiotic therapy 
plus conservative surgical debridement (defined as removal of infected bone without amputation) 
vs. 90 days of antibiotics without debridement.38  Treatment success, defined as persistent ulcer 
healing, occurred in 86% (19/22) of patients treated with 10 days of antibiotics plus debridement 
vs. 75% (18/24) of patients treated with 90 days of antibiotics alone. 
 Similarly, Gariani et al. randomized 93 patients with DFO to treatment with 3 vs. 6 weeks 
of antibiotics.40  All patients underwent debridement to remove necrotic tissue, but in contrast to 
the study by Lazaro-Martinez et al.,38 there was no intent to remove all infected bone.  Indeed, in 
the Methods the authors specifically comment that removal of all infected bone was an 
exclusion.  After a median of 11 months of follow up, treatment success rates were 84% (37/44) 
vs. 73% (36/49), while antibiotic-related adverse events were reported in 9% (4/44) vs. 14% 
(7/49) for the 3- vs. 6-week therapy arms, respectively. 
 Finally, Benkabouche et al. randomized 123 patients with osteomyelitis and various 
orthopaedic implants to 4 vs. 6 weeks of antibiotic therapy.42  All infected implants were 
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surgically removed.42  Prosthetic materials included 44 orthopaedic plates, 11 orthopaedic nails, 
39 prosthetic joints, and 30 miscellaneous orthopaedic hardware.  A wide variety of antibiotics 
were used.  The overall treatment success rate at a median of 2.2 years of follow up was 94% 
(58/62) vs. 95% (58/61) in the 4- vs. 6-week therapy arms.  Removing the 39 patients who had 
PJI, the success rates in the 4- vs. 6-week therapy arms were 94% (44/47) and 100% (37/37), 
respectively. 
 Thus, the available RCT data are concordant with observational data in demonstrating 
that six weeks of therapy is adequate for osteomyelitis, irrespective of hematogenous or 
contiguous routes of infection and presuming adequate source control.  Furthermore, specifically 
in the setting of DFO, two small RCTs indicated that shorter regimens may be effective, ranging 
from 10 days after complete removal of infected bone to three weeks with debridement of 
necrotic tissue.  Additionally, one RCT suggested that with removal of implanted materials with 
debridement, four weeks of antibiotics may be adequate to treat osteomyelitis.  These data are 
concordant with observational studies suggesting that four weeks may be adequate for routine 
cases presuming source control is achieved, and it is conceivable that no therapy—and certainly 
no more than 2-10 days of therapy—is needed after total resection of infection with clear 
margins. 

Therefore, we make a Clear Recommendation that no more than six weeks of antibiotic 
therapy should be administered for hematogenous or contiguous pyogenic osteomyelitis, 
presuming adequate source control.  Some clinicians may prefer to use a 3- or 4-week regimen 
for appropriate cases with adequate debridement of bone, with small RCTs in support.  However, 
sufficient data are lacking to definitively establish a Clear Recommendation between 4 vs. 6 
weeks of therapy.  We are also unable to make a Clear Recommendation regarding the duration 
of therapy after complete resection of infected bone with clear margins.  Available data suggest 
that it may be reasonable to administer no antibiotics in this setting if the treating clinicians are 
confident all infected bone was removed, and if antibiotics are administered, durations beyond 
10 days have not been shown to be of benefit, and we do not recommend exceeding 5 days of 
therapy based on consensus. 

 
 
Pyogenic Osteomyelitis with a Retained Implant (including PJI) 
 
Observational Data 
Observational data on durations of IV antibiotic therapy, total duration of therapy, or use of 
chronic suppression after completion of initial therapy, have demonstrated mixed results in 
patients with PJI, resulting in equipoise without a clear evidence of consistent benefit of longer 
therapy.223,224,420,439,538,561-569 

Among several larger studies, Chaussade et al. retrospectively reported the outcomes of 
87 patients with PJI who underwent DAIR and were treated with 6 or 12 weeks of total 
antimicrobial therapy.565  They reported no difference in long-term treatment success between 
these two groups at a median of more than 3 years of follow up.  Similarly, Tornero et al. 
evaluated 143 patients who underwent DAIR.439  They, too, reported no relationship between 
duration of therapy (median 77 days) and treatment failure.  Specifically, patients who 
experienced treatment success vs. failure had similar durations of antibiotic therapy, and a 
similar proportion of patients who were treated for >75 or >100 days with antibiotics.  
Furthermore, duration of antibiotic therapy was not associated with treatment failure by 
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multivariable analysis.  Rodriguez et al. described 50 patients with hematogenous PJI.566  Neither 
antibiotic treatment for >8 weeks or >12 weeks was associated with differences in treatment 
outcomes by multivariable analysis, either in the overall cohort (including the 16 patients treated 
with a two-stage joint replacement), or the DAIR cohort of 34 patients.  
 Finally, Byren et al. evaluated 112 patients with PJI who underwent DAIR.567  During a 
mean follow up of 2.3 years, 20 (18%) patients experienced treatment failure.  There was no 
relationship identified between the duration of the initial course of antibiotic therapy and the risk 
of treatment failure.  Treatment failures were then placed on chronic oral suppressive antibiotic 
therapy (mean of 1.5 years of therapy during follow up).  After chronic suppressive therapy 
stopped, there was an increase in the risk of relapsed infection over the ensuing several months.  
Nonetheless, the total proportion of failures was relatively low (<15%), indicating that most 
patients did not fail after stopping chronic suppression. 

However, other studies have suggested an advantage of longer therapy courses.  One case 
series of 60 patients with PJI found that post-debridement antibiotic durations of < 3 months 
were associated with an increase in treatment failures by multivariable analysis.570  Other 
observational studies have reported that the clinical success of chronic oral suppression after a 4 
to 6 week course of “induction” antibiotic therapy can result in higher rates of treatment success 
at long-term follow up.226,571,572 

Shah et al. conducted multivariable analysis for treatment success among 108 patients 
with PJI treated with DAIR, of whom 47% received chronic oral suppression after an initial IV 
course of antibiotics.573  Use of chronic suppression was associated with a significantly higher 
rate of long-term treatment success than not (HR 2.5; p < 0.009).  However, there was no 
difference in treatment success rates for patients treated with <1 year or > 1 year of oral 
suppression.  There was also no difference in the rate of adverse events associated with antibiotic 
use between those who were on antibiotics for < 6 weeks vs. > 6 weeks.  In another study, 89 
patients with infected orthopaedic implants, including spinal hardware, internal fixation devices, 
and PJIs, were studied to determine if chronic oral antibiotic suppression altered risk of long-
term treatment failure.574  By multivariate analysis, receipt of 3 months of chronic oral 
suppressive antibiotics was associated with a reduced risk of relapse, however extending chronic 
suppression to 6 months was not. 

Finally, a larger study from 2020 described the outcomes of 302 patients with PJI treated 
with chronic antibiotic suppressive therapy.569  The mean patient age was 75 years, and more 
than a quarter of the patients were aged >85 years.  Suppressive therapy was administered for a 
median of 3 years, with an interquartile range of 1.7 to 5 years.  Tetracyclines and TMP-SMX 
were the most commonly administered agents, followed by β lactams and fluoroquinolones.  The 
overall success rate was 59%; the 2-year follow-up success rate was 75% and declined to 50% at 
5-year follow-up.  By multivariable analysis the primary predictors of failure were age >70 years 
and infection caused by gram-positive cocci compared to other pathogens.  Twenty-seven 
percent of patients suffered from adverse events, primarily gastrointestinal and cutaneous; 1% of 
patients developed C. difficile colitis.  Adverse events were severe enough to necessitate 
cessation of suppression in 6% of patients and change to an alternative antibiotic in 15%. 

A systematic review of the literature in 2020 found that the evidence in favor of chronic 
suppression with antibiotics after PJI treated with DAIR was limited and of low quality; 
therefore, it was insufficient to draw meaningful conclusions regarding safety and efficacy.575  
They described a 15% rate of adverse events (the nature of which were not well delineated in the 
review), and a 75% long-term treatment success rate, which is not substantively different than 
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other studies (such as those described above) that did not use chronic suppression.  A second 
systematic review in 2021 reported an 8%-43% adverse event rate for chronic suppression 
depending on the study, and suggested that chronic suppression could be considered for patients 
whose implants cannot be removed, including unfavorable surgical risk:benefit ratio, short life-
expectancy, or patient refusal.576 

For implants that are intended to be removed following bone healing, it may be possible 
to treat until the bone is stable enough for removal, and then complete a 4-6 week course of 
therapy after the implant is removed.  Furthermore, providing the bone heals to stability, it may 
be reasonable to stop therapy even without removal of the implant.  In the event of a relapse, the 
surgeon may then remove the implant without the need for complex reconstructions, after which 
a 6-week course of therapy could be applied.  We did not find data evaluating the efficacy or 
tolerability of such a practice.  Nevertheless, it may be an option to spare the potential for 
chronic oral suppression for patients who can safely have implants removed.  Indeed, wherever 
possible, it is likely preferable to remove the implant to allow a higher chance of long-term 
remission as opposed to retaining the implant followed by prolonged chronic oral suppression or 
'test of cure' with the implant still in place. 

Ultimately, delaying relapse for patients who are too high-risk to tolerate repeat surgery 
may be an important goal.  This goal must be weighed against the potential harm of the 
antibiotics and any suppressive treatment should be reviewed at regular intervals, since new 
treatment toxicities may tip the harm:benefit balance.  As Byren et al. wrote, “One might 
conclude that most patients cured of PJI by DAIR are cured early on, and that prolonged 
antibiotic therapy does not prevent treatment failures in those who are not cured, but merely 
postpones them...Life-long antibiotics might simply postpone, rather than prevent, treatment 
failure, but this may be all that is required for older patients with limited life expectancy.  For 
patients in whom further surgery might be limb- or life-threatening, postponing this outcome 
with indefinite antibiotic treatment is also justified”.567 
 
RCTs 
In an open label study, Lora-Tamayo et al. randomized 63 patients with early onset PJI managed 
surgically with DAIR to eight weeks vs. three months of treatment with levofloxacin and 
rifampin.41  Early onset infection was defined as occurring within 30 days of implantation.  They 
found very high success rates in both arms of the study in the per protocol analysis, with 92% 
(22/24) and 95% (19/20) success rates at a median of 862 days of follow up in the short vs. 
longer therapy arms.  However, there were seven more dropouts from the intention-to-treat (ITT) 
population in the longer therapy arm, due to higher rates of adverse events (13% vs. 18%), 
orthopaedic failure of the implant (0% vs. 6%), and lost to follow up (3% vs. 12%).  As a result, 
in the ITT population, the short course therapy regimen had a more favorable success rate than 
longer therapy at 73% (22/30) vs. 58% (19/33).  Indeed, a meta-analysis of this RCT with nine 
other retrospective studies concluded that shorter course therapy regimens had similar outcomes 
to longer, and that eight weeks of therapy was adequate for hip PJIs and 75 days (just under 7 
weeks) was adequate for knee PJIs treated with DAIR.577 
 As discussed above, an RCT of 4 vs. 6 weeks of antibiotics for patients with infected 
implants included 39 patients with PJI.42  These PJI patients all underwent two-stage 
replacements, and hence removal of the initially infected implant.  On inquiry with the 
corresponding author, the treatment success rates in the 4 vs. 6 weeks arms for these 39 patients 
were 93% (14/15) vs. 88% (21/24), respectively, at two years of follow up. 
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 However, most recently Bernard et al. conducted a larger, open-label, multi-centered 
study (DATIPO) of 410 patients with PJI randomized to receive 6 vs. 12 weeks of antibiotic 
therapy.43  A wide variety of antibiotic therapy was used, with 70% of patients receiving 
rifampin therapy, 68% a fluoroquinolone, and 51% both.  The median duration of IV therapy 
administered was only nine days, with the remainder of therapy in both arms administered orally.  
Approximately 41% of patients were treated surgically with DAIR, 37% with one stage 
prosthetic implant exchange, and 22% with two stage exchange.  The primary endpoint of 
treatment success in the modified ITT population was significantly lower in the short course 
therapy arm, at 82% (158/193) vs. 91% (173/191), for an adjusted difference of 9% (2%-16%).  
Treatment success in the per protocol population was also significantly lower for the short-
course therapy arm at 82% (136/165) vs. 93% (149/160), for an adjusted difference of 11% (4%-
18%).  Given the very high treatment success rate (91% in the ITT population, 93% in the per 
protocol) with a 12-week antibiotic course, there would likely be diminishing returns to 
prolonging therapy beyond 12 weeks. 

However, the treatment difference was most dramatic in the DAIR cohort, with a success 
rate 16% (3-30%) higher in the 12-week arm.  Indeed, 23 of 32 of the treatment failures in the 6-
week arm occurred in the DAIR cohort (with only six in the 2-stage and three in the 1-stage 
exchange cohorts).  The differences in efficacy between long vs. short therapy for the one and 
two stage exchanges were not statistically significant, at 1.2% better (95% CI, 5% worse to 8% 
better) and 10% better (95% CI, 3% worse to 23% better) for longer therapy, respectively.  
Furthermore, among the patients treated with six weeks who underwent knee prosthetic 
exchanges, there were no failures, whereas the infection rates were higher for hip prosthesis 
exchanges.  For patients undergoing 2-stage exchange, in addition to 6 vs. 12 weeks of 
antibiotics, the time between exchanges also varied at 6 vs. 12 weeks. Thus, the morbidity 
associated with a further six weeks prior to definitive prosthesis replacement should be 
considered.  Thus, there may remain a role for six weeks of therapy in some patients undergoing 
prosthetic exchanges. 
 Another note of caution about the DATIPO RCT is that there were important imbalances 
in pathogens causing infections in the 6- vs. 12-week therapy arms.  Specifically, the 6-week arm 
had 20 more infections caused by S. aureus which has, in general, higher rates of treatment 
failure.  The clinical failure rate for S. aureus infection was 23% (21/90) vs. 13% (9/70) in the 6- 
vs. 12-week arms, suggesting that 12 weeks of therapy may improve outcomes of S. aureus 
infection, specifically.  The 12 more clinical failures due to persistent S. aureus infections in the 
shorter therapy arm accounted for 71% (12/17) of all excess failures in the 6-week arm, across 
all surgical subtypes (DAIR, 1-, or 2-stage exchanges). 
 
Conclusions 
Overall, based on clear superiority in the largest RCT conducted, all participating experts 
unanimously prefer 12 weeks of therapy for PJI treated with DAIR; a Clear Recommendation is 
not made because WikiGuidelines™ evidentiary standards require two prospective, controlled 
studies, and a second study is not yet available to address this question. 

Some experts also prefer 12 weeks of therapy for PJI treated with 1- or 2-stage exchanges 
given the trends to favorable outcomes in the DATIPO RCT, particularly for patients with hip 
prosthesis (as opposed to knee) or with S. aureus.  However, because microbiological imbalances 
in the larger RCT could have disadvantaged the 6-week therapy arm, failures were not seen in 
patients undergoing knee exchanges, and very high cure rates were achieved with either 4 or 6 
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weeks of antibiotics in patients undergoing 2-stage exchanges in the smaller RCT,42 some 
equipoise remains regarding antibiotic durations for PJI caused by pathogens other than S. 
aureus, particularly for patients managed surgically with 1-stage exchanges or 2-stage exchanges 
with negative cultures prior to reimplantation. 

Of note, for patients undergoing 2-stage exchanges, duration may also be affected by the 
nature of the care intervening the exchanges.  Surgical management without a spacer after 
explantation may rationally support a 4-6 week duration of therapy.42  However, this procedure 
was not used in the DATIPO RCT, in which patients undergoing 2 stage revisions may have had 
a spacer between procedures.  In DATIPO, patients undergoing such exchanges of the hip had an 
imbalance in failures favoring the 12-week regimen. 

More RCT data are needed to definitively establish the optimal treatment duration of 
patients with PJI undergoing prosthetic exchange. 
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Discussion 
Limitations 
The establishment of only two Clear Recommendations highlights the need for additional high-
quality studies of osteomyelitis.  In particular, studies are needed regarding new approaches to 
diagnostics; to determine the potential benefit or harm of adding anti-anaerobic antimicrobial 
therapy for DFO; to elucidate the comparative effectiveness of various antimicrobial options; to 
determine if adjunctive rifampin therapy has benefit; to identify which patients are more likely to 
relapse after completion of therapy; to further clarify antibiotic durations of therapy; to define the 
role and optimal methodologies of surgical management; and to define the role if any of non-
antimicrobial adjunctive strategies (e.g., hyperbaric oxygen therapy).  We would also like to 
incorporate authors from LMIC countries in future revisions to ensure the WikiGuidelines™ are 
broadly applicable to these settings. 
 
Conclusions 
WikiGuidelines™ represent a novel approach to guideline construction, clearly delineating 
evidenced-based recommendations from opinions based on lower quality data.  Resulting 
changes in management of pyogenic osteomyelitis include recognizing the low value and high 
burden that plain X-rays incur if routinely ordered for all patients, reducing the routine ordering 
of low value, low accuracy blood biomarkers, increasing adoption of oral therapy, and limiting 
the duration of therapy to the shortest necessary for optimizing cure. 

These guidelines are based on published data available as of March 1, 2022.  Clinicians 
who believe other evidence should be considered may contact any of the authors to initiate 
possible revisions to the guidelines, which the authors intend to complete in close to real time. 

WikiGuidelines™ participants understand that no clinical trial can extrapolate to all 
possible patient care scenarios.  Thus, we expect that these guidelines should not establish 
medicolegal standards of care or replace clinician judgment for individual patients. 
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