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bone [Glaudemans 2019, Bevilacqua 
2007]. Patients with poorly managed 
diabetic foot infection (DFI) can ex-
perience progression to osteomy-
elitis [Bevilacqua 2007, Lew 2004]. 
OM can be characterized as acute or 
chronic [Lew 2004].

Definitions
 Osteomyelitis (OM) is defined 
as an infection of the cancellous or 
cortical bone caused by any of three 
general etiologies—hematogenous 
seeding, spread of contiguous in-
fection, or association with vascu-
lar insufficiency [Glaudemans 2019, 
Bevilacqua 2007]. Hematogenous 
seeding of the bone is often seen in 
pediatric and geriatric patients [Lew 
2004]. Contiguous spread includes 
infections secondary to an adjacent 
soft tissue, joint infection, or exter-
nal source—including trauma, frac-
ture, or surgery [Bevilacqua 2007, Continued on page 138
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Glaudemans 2019, Lew 2004].
 Patients with uncontrolled dia-
betes often present with lower ex-
tremity ulcers secondary to periph-
eral neuropathy and vascular in-
sufficiency [Lew 2004]. Ulcerations 
and persistent hyperglycemia allow 
bacteria to colonize and infect the 
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oral options exist for treatment of 
Gram-negative infection and rising 
resistance rates to first-line agents 
increase relapse risk [Fraimow 2009]. 
Fluoroquinolones and TMP-SMX are 
mainstays in therapy against Entero-
bacteriaceae. Ciprofloxacin is consid-
ered more active against Gram-neg-
atives, including P. aeruginosa, 
compared to levofloxacin and moxi-
floxacin, which have greater effica-
cy against S. aureus [Fraimow 2009, 
Kim 2014]. Clindamycin, metroni-
dazole, beta-lactam/beta-lactamase 
inhibitor combinations, and moxi-
floxacin are effective against most 
anaerobic pathogens. Empiric treat-
ment should, however, be based on 
institutional antibiograms and treat-
ment pathways.

Treatment Options—General
 Management of OM in adults 
often includes surgical interven-
tion and antimicrobial therapy. De-
bridement and drainage of abscess-
es should be performed to ensure 
source control and pharmacothera-
py success. Management of OM tra-
ditionally required long-term intra-
venous antimicrobials followed by 
highly bioavailable oral suppressive 

therapy upon symptomatic improve-
ment and availability of culture and 
sensitivity reports [Lipsky 2012, 
Khan 2012]. An increasing body of 
literature questions the lengthy du-
ration of intravenous drug admin-
istration and supports even earlier 
transition to oral therapy [Li 2019].
 In the recently published OVIVA 
study, patients in the oral treatment 
arm had reduced hospital length of 
stay compared to IV treatment (14 vs. 
11 days; p<0.001) [Li 2019]. Treat-
ment with oral medications increases 
patient convenience, decreases eco-
nomic burden, and prevents potential 
complications of long-term venous 
access, including catheter occlusion 

Signs, Symptoms, and Presentation
 The immune response to the in-
fection leads to inflammation, bone 
destruction, and clinical signs associ-
ated with osteomyelitis [Bevilacqua 
2007, Lew 2004]. Signs and symptoms 

of infection include fever, malaise, 
and pain [Bevilacqua 2007]. Chronic 
infection and inflammation can lead 
to bone necrosis and sequestrum or 
sinus tract formation [Lew 2004].

Diagnosis
 Diagnostics of osteomyelitis in-
cludes clinical examination, plain ra-
diography, magnetic resonance im-
aging (MRI), three-phase bone scan, 
white blood cell scans, and probe-
to-bone test. Although MRI can re-
veal edema and inflammation, bone 
histology and culture are required 
for definitive diagnosis [Bevilacqua 
2007]. Blood cultures are also recom-
mended in patients with suspicion 
of hematogenous spread or systemic 
infection.
 Monitoring laboratory parameters 
trends may aid in OM diagnosis and 
management. A study performed at our 
institution delineated C-reactive protein 
(CRP) greater than 3.2 and erythrocyte 
sedimentation rate (ESR) greater than 
76 to be attributable to OM.

Microbiology
 The two most common pathogen-
ic organisms in OM are Staphylococ-
cus aureus followed by Streptococcus 
spp. S. aureus is hardy and particu-
larly difficult to treat due to its ability 
to form biofilm and predilection to 
intracellular persistence [Lew 2004]. 
Post-traumatic and post-surgical in-
fections may be polymicrobial or 
due to nosocomial Gram-positive or 
Gram-negative bacteria [Lew 2004]. 
Vertebral OM may be caused by ei-
ther Gram-positive or Gram-negative 
species or M. tuberculosis [Berbari 
2015, Lew 2004]. Various Gram-pos-
itive, Gram-negative, or anaerobic 

organisms may be pathogenic in OM 
secondary to DFI [Lipsky 2012].
 Increasing healthcare exposure 
and antimicrobial overuse has led to 
the propagation of antibiotic resis-
tance in the healthcare and commu-
nity settings. Methicillin-resistance 
among S. aureus isolates (MRSA) has 

risen dramatically. Rates of commu-
nity-acquired MRSA (CA-MRSA) in-
fection have increased recently and 
it is often considered more virulent 
than healthcare-acquired species 
(HA-MRSA). Nevertheless, CA-MRSA 
is generally more sensitive to com-
mon antimicrobials, including doxy-
cycline, clindamycin, and trimetho-
prim-sulfamethoxazole

Other Potential Causative 
Pathogens
 Coagulase-negative Staphylococ-
ci (CoNS), including S. epidermidis, 
beta-hemolytic Streptococci, Entero-
cocci, and Cutibacterium (Propion-

ibacterium) acnes are also potential 
causative pathogens. S. epidermidis 
is increasingly resistant to methicillin 
(MRSE) and other common empiric 
antimicrobials, including fluoroquino-
lones and TMP-SMX [Lew 2004]. Pen-
icillins and narrow-spectrum cephalo-
sporins are first-line against Strepto-
cocci with linezolid and clindamycin 
considered alternatives. Oral treat-
ment options against Enterococci, in-
cluding vancomycin-resistant strains, 
include linezolid, tedizolid, and tetra-
cyclines [Fraimow 2009].
 Gram-negative or polymicrobi-
al infections may be encountered in 
susceptible patients, such as those 
with recent healthcare exposure, di-
abetes, trauma, or surgery. Limited 
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topoisomerase IV and DNA 
gyrase, leading to disruption 
of DNA processing. Commonly 
employed agents in the class in-
clude ciprofloxacin, levofloxacin, and 
moxifloxacin. Spectrum of activity in-
cludes MSSA, Streptococci, E. coli, K. 
pneumoniae, S. marcescens, Entero-
bacter spp., and P. aeruginosa. The 
widespread use of fluoroquinolones 
in infectious diseases practice has led 
to promulgation of resistance to these 
agents. Monotherapy may be consid-
ered against susceptible Gram-pos-
itive and Gram-negative isolates. 
Co-administration with rifampin is 
recommended to curb resistance de-
velopment and enhance bactericidal 
activity against Gram-positive patho-
gens. High doses of each oral agent 
are recommended for management of 
OM, such as ciprofloxacin 500 mg–
750 mg every 12 hours, levofloxacin 
750 mg once daily, and moxifloxacin 
400 mg once daily. Clinicians should 
monitor for musculoskeletal (tendon-
itis, muscle weakness), central ner-
vous system (hallucinations, agita-
tion), and cardiac (QT-prolongation) 
toxicities.
 Potentially significant drug in-
teractions exist with cations and 
antiarrhythmic drugs [Khan 2012]. 
Ciprofloxacin and levofloxacin pro-
tein binding range from 20 to 40% 
in plasma. The pharmacodynamic 
parameters associated with effica-
cy are Cmax and AUC to MIC ratio. 
aeruginosa Rapid absorption from the 
GI tract and high volumes of distri-
bution allow appreciable drug con-
centration in deep tissues, includ-
ing bone [Khan 2012]. Mean bone to 
serum ratios range from 27–120% for 
oral ciprofloxacin and 43–105% for 
oral moxifloxacin, generally exceed-
ing the Staphylococci MIC90 [Spell-
berg 2012, Kim 2014, Landersdorfer 
2009]. These agents are especially 
enticing for use against S. aureus due 
to their ability to penetrate osteo-
blasts where this pathogen often per-
sists [Landersdorfer 2009].
 Fluoroquinolone treatment suc-
cess rates in OM trials have ranged 
from 50-77% [Greenberg 2000, Gen-
try 1990, Khan 2012, Zimmerli 1998, 
Spellberg 2012]. Delafloxacin was re-
cently approved by the US Food and 

and infection, found to occur in up to 
9% of patients [Li 2019, Khan 2012].

Treatment Options—Oral
 Drug-specific factors affecting 
oral antimicrobial choice include: 
protein binding, bioavailability, vol-
ume of distribution, lipophilicity, mo-
lecular weight, charge, and bone pen-
etration. As Fraimow and colleagues 
highlight, interpretation of standard 
minimum inhibitory concentration 

(MIC) results is based on achiev-
able serum concentrations and may 
not be reliable depending on active, 
free drug concentrations in the bone 
[Fraimow 2009]. A review by Thabit, 
et al. provides cortical and cancel-
lous bone concentrations compared 
to MIC breakpoints of commonly en-
countered pathogens in OM [Thabit 
2019]. Drug distribution to the bone 
often may be unpredictable. Infect-
ed and inflamed bone may lead to 
hyperemia and increased drug pres-
ence. However, avascular and necrot-
ic bone, presence of foreign material, 
and biofilm prevent adequate pene-
tration to site of infection due to lack 
of blood flow and distribution [Lew 
2004, Kim 2014].
 Highly bioavailable oral antimi-
crobials should be utilized in man-
agement of OM [Lipsky 2012]. The 
dose and frequency should be adapt-
ed to maximize pharmacokinetic 
and pharmacodynamic parameters 
of each agent. Potential drug-specif-
ic adverse drug reactions (ADRs), 
including C. difficile infection, also 
affect treatment choice, especially at 
the high doses needed to effective-
ly treat OM [Khan 2012, Fraimow 
2009]. Lastly, it is imperative to de-
termine whether monotherapy or 
combination therapy should be used. 
Especially in the cases of foreign-ma-
terial associated bone and joint in-
fection due to MRSA, monotherapy 
was associated with treatment failure 
[Kim 2014, Lew 2004].

TMP-SMX
 TMP-SMX is a combination 
bactericidal antimicrobial that syn-
ergistically and sequentially inhib-
its bacterial folic acid biosynthesis 
[Khan 2012]. Spectrum of activity in-
cludes MSSA, CA-MRSA, and certain 
Gram-negative pathogens, including 
E. coli, Klebsiella spp., Enterobacter 
spp., and Proteus mirabilis [Fraimow 
2009]. Treatment success rates in 
studies using TMP-SMX with or with-
out rifampin approach 90% [Euba 
2009, Nguyen 2009, Spellberg 2012]. 

The pharmacodynamic parameter as-
sociated with efficacy is time above 
MIC; however, achieving an ade-
quate Cmax above MIC is vital. Oral 
TMP-SMX is not effective against P. 
aeruginosa.
 Dosing for management of 
MRSA OM ranges from 4–7 mg 
TMP/kg/dose every 12 hours oral-
ly. Higher doses of up to 10 mg/
kg TMP (approximately 2 TMP-
SMX double-strength tablets (160 
mg TMP/800 mg SMX) twice daily) 
may increase bone penetration and 
monotherapy treatment success [Kim 
2014]. These doses, however, are 
likely to predispose patients to ADRs, 
including hyperkalemia, hemolysis 
in patients with G6PD deficiency, 
pancytopenia, nephrotoxicity, and 
gastrointestinal distress. Severe der-
matologic reactions, including Ste-
vens-Johnson syndrome may also 
occur with this agent. Plasma pro-
tein binding is estimated at 44% for 
TMP and 70% for sulfamethoxazole. 
Oral TMP-SMX is considered highly 
bioavailable—IV to oral dose conver-
sion is 1:1 [Klepser 1996]. TMP-SMX 
distributes extensively into body tis-
sues, making it an appealing choice 
in treatment of OM. Bone penetration 
is 50% and 15% of serum concentra-
tions for TMP and SMX, respectively 
[Spellberg 2012].

Fluoroquinolones
 Fluoroquinolones are bacte-
ricidal agents that inhibit bacterial 
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available regarding tedizolid’s bone 
penetration [Si 2017]. Labeled dosing 
is 200 mg once daily.

Metronidazole
 Metronidazole is a bactericidal 
agent that inhibits nucleic acid syn-
thesis by binding to DNA and elec-
tron-transport proteins. This agent 
possesses activity against a myriad of 
anaerobic pathogens, including Bac-
teroides and Clostridium spp. Metro-
nidazole is indicated for treatment of 
many anaerobic infections, including 
bone and joint infections caused by 
Bacteroides spp. Possible adverse re-
actions include convulsive seizures, 
peripheral neuropathy, dysgeusia, 
neutropenia, and a disulfiram-like re-
action. The pharmacodynamic param-
eter associated with efficacy is Cmax 
above MIC. Plasma protein binding is 
minimal and dosing is equivalent for 
IV and oral (1:1) at 500 mg every 8 
hours due to high bioavailability. Met-
ronidazole bone concentration is simi-
lar to serum concentrations, making it 
an attractive option for oral treatment 
of anaerobic OM [Spellberg 2012].

Tetracyclines
 Tetracyclines are bacteriostatic 
agents that inhibit bacterial protein 

synthesis through 30S ribosomal sub-
unit binding. Oral tetracyclines, in-
cluding doxycycline and minocycline, 
are commonly employed in manage-
ment of OM. These agents are active 
against CA-MRSA and are indicated in 
a variety of infections. Staphylococci 
generally have greater sensitivity to 
minocycline compared to doxycycline, 
although many isolates are sensitive 
to both [Fraimow 2009]. These agents 
have greater than 90% bioavailabil-
ity allowing for equivalent IV to PO 
conversion. Both agents are highly 
protein-bound (greater than 90%) and 
each dosed at 100 mg every 12 hours. 
Tetracyclines’ extremely high volumes 

Drug Administration (FDA). This 
agent demonstrates in vitro activity 
against MRSA, in addition to the pre-
viously noted pathogens. Delafloxa-
cin is approved for treatment of acute 

bacterial skin and skin structure in-
fections (ABSSSI). Its role in manage-
ment of OM remains to be elucidated.

Clindamycin
 Clindamycin is a bacteriostatic 
lincosamide that acts on the 50S ri-
bosomal subunit inhibiting bacteri-
al protein synthesis. Its spectrum of 
activity includes CA-MRSA, Strep-
tococcus spp., and anaerobes, in-
cluding Peptostreptococcus spp. and 
Prevotella spp. Clindamycin has 
shown efficacy in treatment of pe-
diatric and adult OM. Oral doses in 
treatment of OM range from 300—
450 mg every 6 hours to 600 mg 
every 8 hours, with higher doses pre-
ferred, if tolerated. Adverse reactions 
associated with clindamycin include 
gastrointestinal distress, elevated 
liver function values, and dermato-
logic reactions. Clindamycin demon-
strates greater than 90% plasma pro-
tein binding and a bioavailability of 
90%. The pharmacodynamic parame-
ter associated with efficacy is AUC to 
MIC. Of note, S. aureus may display 
inducible clindamycin-resistance that 
should be tested for using the eryth-
romycin D-test [Fraimow 2009]. Tra-
ditionally, clindamycin bone penetra-
tion ranges were estimated at 40 to 
70% of serum concentrations, though 
recent literature suggest ratios closer 
to 21—45% [Spellberg 2012, Land-
ersdorfer 2009].

Oxazolidinones
 Oxazolidinones inhibit bacteri-
al protein synthesis by binding to 
the 23S ribosomal subunit. Linezol-
id is the most commonly employed 
agent in this class. Its spectrum of 
activity includes MRSA, Streptococ-
cus spp., and Enterococci (including 

vancomycin-resistant isolates), and 
is indicated for treatment of ABSSSI, 
nosocomial pneumonia, and VRE in-
fections. Oral and intravenous dosing 
are equivalent (100% bioavailabili-
ty) at 600 mg every 12 hours. Bone 
to serum ratio of linezolid ranges 

from 37–51%, with bone concentra-
tions exceeding Staphylococci MIC90 
[Spellberg 2012, Kim 2014, Landers-
dorfer 2009]. Treatment success rates 
range from 55 to 100% in Gram-pos-
itive OM and are comparable to am-
picillin-sulbactam for DFI [Nguyen 
2009, Lipsky 2004, Kim 2014].
 Linezolid has generally poor 
activity against biofilm and should 
be combined with a biofilm-active 
agent, such as rifampin, if indicat-
ed. ADRs associated with linezolid 
include myelosuppression (anemia, 
thrombocytopenia), peripheral and 
optic neuropathy, and hypoglycemia. 
One study reported side effects in 
over 50% of patients, especially in 
those with treatment duration greater 

than two weeks. Treatment discon-
tinuation rates were up to 30% [Sen-
neville 2006].
 Linezolid’s inhibition of mono-
amine oxidase can lead to drug-drug 
interactions with antipsychotics, an-
ti-depressives, and anxiolytic agents. 
Plasma protein binding of linezolid is 
approximately 30%, and volume of 
distribution is 0.65 L/kg. The phar-
macodynamic parameter associated 
with efficacy is time above MIC. The 
FDA recently approved a novel agent 
in this class, tedizolid, with reported-
ly lower incidences of ADRs. Increas-
ing data demonstrate potential utility 
as oral treatment of OM [Park 2016, 
Launer 2018]. Limited information is 
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Miscellaneous Agents
 Data exist regarding util-
ity of other oral antimicrobials, 
including fosfomycin, fusidic acid, 
and pristinamycin in treatment of 
Gram-positive OM. However, these 
agents were not reviewed due to 
limited or conflicting data or lack of 
availability in the U.S.

Combination Therapy
 A variable amount of data exists 
for combination oral treatment of com-
plex bone infections. Examples primar-
ily include: fluoroquinolones, linezolid, 
TMP-SMX, clindamycin, fusidic acid, 
and tetracyclines each in combination 
with rifampin [Kim 2014, Lew 2004]. 
Please see individual sections above.

Treatment Duration
 Antimicrobial treatment duration 
is often dependent on outcome of sur-
gical intervention. Intravenous ther-
apy for 4–6 weeks is commonly rec-
ommended to ensure adequate serum 
and bone concentrations during the 
period of bone revascularization after 
surgery [Kim 2014, Lew 2004, Mou-
zopolous 2011]. Current data, how-
ever, suggest initial, short-course in-
travenous therapy (1-2 weeks) during 
the period of highest bacterial burden 
followed by oral therapy is appro-
priate even in the setting of foreign 
material, assuming adequate surgical 
intervention [Li 2019, Mouzopolous 
2011, Daver 2007]. Success rates of 
less than 2 weeks intravenous thera-
py before switching, 2–4 weeks, 4–6 
weeks, and greater than 6 weeks were 
83%, 72%, 75%, and 66%, respec-
tively (p=0.68) [Daver 2007].
 The Infectious Diseases Society of 
America (IDSA) recommends the fol-
lowing treatment durations: if infected 
soft tissue remain, continue treatment 
for 2–4 weeks. If infected bone re-
mains or surgery is not performed, 
treatment for 6 weeks to greater than 
3 months is recommended [Lipsky 
2012, Bevilacqua 2007]. OM sec-
ondary to MRSA often necessitates 

of distribution make them effective in 
OM. The pharmacodynamic param-
eter associated with efficacy is AUC 
to MIC. Doxycycline’s bone to serum 
concentration ranges from 2–86% and 
depends on the site of infection [Spell-
berg 2012].

Rifampin
 Rifampin, a commonly employed 
agent in the rifamycin class, inhib-
its bacterial-specific DNA-dependent 
RNA polymerase. This agent is com-
monly an adjunct in managing OM 
due to its activity against MRSA, abil-
ity to penetrate biofilm, and retention 
of activity against stationary phase 
Gram-positive organisms [Kim 2014]. 
Resistance to rifampin can develop 
rapidly through polymerase muta-
tions and, hence, should not be used 
as monotherapy. Co-administration 
of rifampin with another agent, such 
as a fluoroquinolone or tetracycline, 
can increase treatment success rates 
and prevent emergence of resistance 
to either agent [Fraimow 2009, Zim-
merli 1998]. Combination treatment 
with rifampin achieved treatment 
success rates of greater than 80%, 
including foreign material-associated 
infections. Rifampin has the potential 
for a myriad of drug-drug interactions 
due to its induction of drug metabo-
lism and transport enzymes.
 Notable side-effects include flu-
like symptoms, red-orange discolor-
ation of body fluids, rash, and he-
matologic and hepatic toxicity [Khan 
2012]. Rifampin bioavailability can 
vary depending on the duration of 
therapy. Single dose pharmacokinetic 
studies demonstrate a bioavailabil-
ity of greater than 90% [Kim 2014, 
Agrawal 2005]. However, auto-in-
duction of metabolizing enzymes de-
crease bioavailability to approximate-
ly 70% over time [Agrawal 2005]. 
The optimal dose of rifampin in man-
aging OM is generally cited as 600 
mg daily, although 450 mg every 12 
hours has also been reported [Fan-
toni 2019]. Rifampin demonstrates 
a large volume of distribution, in-
cluding penetration into bone and 
central nervous system [Khan 2012]. 
Rifampin’s bone to serum concentra-
tion ratio range from 20–57% accord-

ing to some studies and approximate 
its serum levels in others [Spellberg 
2012, Landersdorfer 2009].

Beta-lactams
 The beta-lactam class, includ-
ing penicillins, cephalosporins, car-
bapenems, and monobactams, are 
among the most effective and com-
monly prescribed anti-infectives. 
They exert bactericidal activity by 
inhibiting cell wall transpeptidation 
[Khan 2012]. Spectrum of activity 
varies with inter- and intra-class. Of 
note, no oral beta-lactam in the U.S. 
possesses clinically relevant activi-
ty against MRSA or P. aeruginosa. 
Beta-lactam bioavailability is lower 
than previously reviewed antimicro-

bials, emphasizing the need to opti-
mize pharmacokinetic and pharma-
codynamic parameters. Commonly 
employed oral beta-lactams include 
amoxicillin, amoxicillin-clavulanate, 
(di)cloxacillin, and cephalexin. The 
pharmacodynamic parameter associ-
ated with efficacy is time above MIC.
 Plasma protein binding and bio-
availability vary greatly depending on 
the agent. For example, bioavailabili-
ty for ampicillin ranges from 37–39% 
compared to 80% for amoxicillin. 
Bone penetration of these agents rela-
tive to serum concentrations are esti-
mated at 10–20% [Fraimow 2009].
 Amoxicillin may achieve up to 
30% of its serum concentration in 
the bone (range: <10–31%) com-
pared to 14% for clavulanate [Land-
ersdorfer 2009]. Cephalexin and cef-
podoxime achieve 18 and up to 30%, 
respectively. Maximally tolerated 
doses should be employed to ensure 
consistent bone concentrations above 
the MIC of the target pathogen. For 
example, amoxicillin 500mg every 8 
hours, or amoxicillin-clavulanate 1g 
every 8 hours to 2g every 12 hours, 
may be used [Fantoni 2019]. More 
data are available indicating beta-lac-
tam efficacy in pediatric, hematoge-
nous OM compared to adult, chronic 
OM [Kim 2014].
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treatment for 8 weeks or longer. 
Suppression therapy for months after 
initial management may also be re-
quired, especially in the setting of 
infected hardware or prostheses. In 
practice, treatment duration often de-
pends on clinical response and correc-
tion of laboratory abnormalities, in-
cluding C-reactive protein (CRP) and 
erythrocyte sedimentation rate (ESR).

Conclusion
 Medical management of OM is a 
constantly evolving landscape. An in-
creasing body of data supports early 
conversion to oral antimicrobial treat-
ment of osteomyelitis. Choice of agent 
should take in account patient, drug, 
and pathogen-specific factors. Optimi-
zation of pharmacokinetic and phar-
macodynamic parameters may increase 
probability of treatment success. PM
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Osteomyelitis (from page 141)

The duration of intravenous antimicrobial 
treatment of acute osteomyelitis should be based on 

patient-specific risk factors, clinical response, 
laboratory parameter normalization, and evaluation 

of collateral impact of long-term venous access.
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1) What is generally considered the most 
common etiology of osteomyelitis in the pediatric 
patient?
 A) Vascular insufficiency
 B) Hematogenous seeding
 C) Contiguous—adjacent soft tissue infection
 D) Contiguous—trauma

2) Which of the following pathogens most 
commonly causes community-acquired 
osteomyelitis in adults?
 A) Staphylococci
 B) Enterobacteriaceae
 C) Cutibacterium (Propionibacterium) acnes
 D) Pseudomonas aeruginosa

3) Which of the following diagnostic tests, in 
addition to clinical judgment, are needed for a 
definitive diagnosis of osteomyelitis?
 A) Plain radiograph
 B) Magnetic resonance imaging
 C) Bone histology and culture
 D) Positive blood cultures

4) Which of the following are potential 
complications of long-term venous access?
 A) Access site infection
 B) Mechanical or thrombotic occlusion
 C) Increased cost
 D) All of the above

5) Which of the following drug-specific 
characteristics do NOT greatly impact choice of 
oral antimicrobial in treatment of osteomyelitis?
 A) Bioavailability
 B) Bone penetration
 C) Half-life
 D) Volume of distribution

6) Potential adverse drug reactions secondary to 
long-term linezolid therapy include which of the 
following?
 A) Optic neuropathy
 B) Myelosuppression
 C) Nephrotoxicity
 D) A + B
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7) Which of the following agents demonstrates 
greatest efficacy against biofilms and foreign 
material-associated osteomyelitis?
 A) Cephalexin
 B) Doxycycline
 C) Linezolid
 D) Rifampin

8) No oral beta-lactam in the U.S. possesses 
clinically relevant activity against_________.
 A) MRSA or P. aeruginosa
 B) Streptococcus
 C) Staphylococcus
 D) Clostridium

9) Against which of the following pathogens 
would oral TMP-SMX NOT be effective?
 A) E. coli
 B) P. aeruginosa
 C) MSSA
 D) CA-MRSA

10) Duration of intravenous antimicrobial 
treatment of acute osteomyelitis should be:
 A) At least 6–8 weeks, irrespective of the 

pathogen
 B) Based on patient-specific risk factors, 

clinical response, laboratory parameter 
normalization, and evaluation of collateral 
impact of long-term venous access

 C) Contingent solely on normalization of 
CRP and ESR

 D) Length of hospital stay
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