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Percutaneous image-guided bone biopsy of osteomyelitis in the foot
and pelvis has a low impact on guiding antibiotics management:
a retrospective analysis of 60 bone biopsies
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Abstract
Objective Image-guided percutaneous bone biopsy may be requested by clinicians to guide antibiotics management decisions in
patients with extremity osteomyelitis. Much of the clinical literature describes a high rate of bone biopsy culture positivity in
patients with osteomyelitis, but anecdotally biopsy is felt to be fairly low yield in many musculoskeletal radiology practices. The
objective of the study is to determine the culture positivity rate and clinical utility of bone biopsy in guiding the management of
patients with osteomyelitis.
Materials and methods All image-guided bone biopsy procedures of the pelvis or foot performed at a single institution were
identified by a retrospective report search, and only those with a clinical suspicion for infection were included. Cases were
included based on convincing imaging findings of osteomyelitis on retrospective review. Microbiology results were reviewed in
the clinical chart, as were antibiotics management decisions and response to antibiotics therapy.
Results A total of 60 bone biopsies met the inclusion criteria, 25 within the foot and 35 biopsies of the pelvis. Overall, 11 out of
60 core biopsies (18%) yielded positive cultures. Antibiotics management was altered in only 27% patients with a positive
culture; thus, only 5% of patients with MRI findings of osteomyelitis undergoing biopsy had an impact on management.
Conclusion Percutaneous bone biopsies may have a low rate of culture positivity, and even when positive, frequently do not have
an impact on antibiotics choice. These data differ from much of the clinical literature, which describes a very high rate of culture
positivity.

Keywords Osteomyelitis . Percutaneous bone biopsy . Antibiotics

Introduction

Osteomyelitis poses a complex challenge for clinicians, as
patients typically have multiple other systemic medical prob-
lems. The Infectious Disease Society of America (IDSA) [1]

recommends a deep tissue biopsy from appropriately obtained
specimens for culture before starting empiric antibiotics treat-
ment for diabetic pedal osteomyelitis; in many situations, this
will be a percutaneous biopsy performed under imaging guid-
ance. Adherence to these clinical guidelines likely varies
widely among clinicians and across institutions, with empiric
antibiotics chosen by some and aggressive pursuance of biop-
sy by others. Surgery remains the mainstay of therapy for
pelvic decubitus ulcer osteomyelitis patients, with antibiotics
used to augment infection control after biopsy material is ob-
tained as part of a surgical debridement procedure [2–4].
However, percutaneous biopsy is a frequently requested inter-
vention in these patients at the authors’ institution.

There has been a recent paradigm shift in the management
of pedal osteomyelitis as surgical debridement has fallen pro-
gressively out of favor with increasing use of aggressive anti-
biotics therapy [1, 5, 6]. This approach relies heavily on per-
cutaneous bone biopsy to tailor antibiotics to a specific
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infectious agent. This recommendation is based in large part
on several studies cited in the infectious disease literature that
demonstrate rates of culture positivity well over 75%.

At the authors’ institution, it was felt that the culture posi-
tivity yield for percutaneous biopsies was significantly lower
than that cited in the IDSA guidelines. Wu et al. found a
culture positivity growth rate of only 29% in patients without
intraosseous abscess [7], which suggests that a significantly
lower culture positivity rate may be present in some centers
for percutaneous biopsies. The clinical impact of percutaneous
bone biopsy may be lower at centers where the expected cul-
ture positivity rate is significantly lower. The purpose of this
investigation is to determine the culture positivity rate and
clinical utility of bone biopsy in patients with osteomyelitis.

Materials and methods

Before beginning the evaluation, approval from the institu-
tional review board was obtained. No informed consent was
necessary because of the retrospective design of the study. A
database search was performed to access all CTor fluoroscop-
ically guided bone biopsy procedures performed by the insti-
tution’s musculoskeletal radiology division between 2010 and
2014 on patients with clinically suspected osteomyelitis.
Patients were excluded if the biopsy site was in a location
other than the foot or the pelvis. Of note, patients who
underwent a percutaneous spine biopsy were excluded from
the dataset on the basis that many spine biopsy cases may
obtain a small volume of intervertebral disc material or
paraspinal material that may potentially alter culture growth
rates [7–9].

Biopsy specimens were typically obtained under CT guid-
ance, with fluoroscopy guidance used for a small number of
foot biopsies (Fig. 1). Any overlying ulcer or infected skin
was avoided. A skin nick was made for needle entry. A dorsal
approach was utilized for most foot biopsies, with a transverse
approach utilized in cases where the infection was in a distal
phalanx underlying a nail bed. Given the superficial nature of
most of the foot biopsies, the needle was held in place by a
combination of skin tenting, placement of a sterile towel next
to the needle, or a sterile clamp along the needle until access
into the bone was secured. Biopsies were performed solely
within the musculoskeletal radiology division by one of six
different faculty members. Biopsy specimens for culture were
submitted in a sterile tubewith a small amount of saline placed
in the tube to prevent the specimen drying and then promptly
sent to the laboratory for testing, as per institutional protocol.
Depending on operator preference, ordering physician prefer-
ence, and the safety of obtaining multiple samples, an addi-
tional core biopsy specimen was at times submitted in forma-
lin for histopathological evaluation. Biopsies were obtained
with different needles as determined by operator preference

using systems ranging in size from 11-gauge to 14-gauge and
including Bonopty (Apriomed, Uppsala, Sweden), Laurane
(Laurane Medical, Westbrook, CT, USA), Ostycut (Bard,
Tempe, AZ, USA), and Core Assure (Parallax, Santa
Monica, CA, USA). Any procedure-related complication
was documented.

The biopsy site for each patient was documented. Patients
who had multiple biopsies in separate encounters or during the
same encounter were included as separate samples within the
dataset. Included subjects were confirmed to have a high de-
gree of suspicion for osteomyelitis by the referring clinician
based on their physical examination and laboratory findings.
Imaging from all patients was re-reviewed by a dedicated
musculoskeletal radiologist with 6 years of experience. MRI
criteria for determining imaging findings of osteomyelitis
(Fig. 2a) included confluent infiltrative hypointense signal
on T1-weighted images, hyperintense signal on STIR-
weighted images, and the presence of an adjacent ulceration
[10–14]. CT or radiographic findings of progressive cortical
destruction and osteolysis in the presence of a soft-tissue ulcer
was also classified as osteomyelitis and included in the data
set (Fig. 2b). A low threshold was utilized for excluding pa-
tients with minimal or questionable imaging findings. Patients
with potential alternate diagnoses besides osteomyelitis, in-
cluding metastatic disease, arthritis, osteonecrosis, gout, or
fracture, were excluded from the dataset. Biopsies that did
not successfully yield specimens were still included in the data
set based on intention-to-treat principles. Biopsy images from
all procedures were also reviewed to determine if the biopsy
needle contacted the area of T1 hypointensity (in patients who
had preprocedural MRI) or active osteolysis (in patients with
preprocedural X-ray or CT).

The data analysis included documentation of previous an-
tibiotics treatment in the past 24 h for each selected patient in
addition to microbiology and potentially histopathology re-
sults from each case. The time period 24 h was chosen, as
many of the patients were new admissions from outside insti-
tutions with unclear records with regard to previous antibiotics
therapy, and because it was a common practice for infectious
disease doctors at our institution to temporarily withhold an-
tibiotics at admission with the hope of increasing the rate of
culture positivity. The cultured organism and the clinical an-
tibiotics selection decisions were recorded for each case, and
specifically any alteration of antibiotics choice was noted.

Two criteria were applied to determine a threshold for al-
tered antibiotics management resulting from a positive culture.
First, the cultured pathogen from the bone biopsy was re-
quired to be a different pathogen than results obtained from
a blood culture or wound culture within the past month.
Second, antibiotics therapy had to be tailored to the sensitivity
results acquired from a positive culture. Referring clinicians at
the authors’ institution typically request a biopsy procedure
with the intention of providing the patient with targeted
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antibiotics therapy to the organism in the bone, and not just
globally treating organisms in the overlying ulcer and soft
tissues. Patients whowere administered an antibiotics regimen
based specifically on the bone biopsy data were considered to

have had a significant management alteration as a result of
their percutaneous procedure. The clinical suspicion of poten-
tial skin contamination as the cause of the positive culture by
the infectious disease specialist was noted.

Fig. 1 a A CT-guided biopsy
image demonstrates a biopsy
approach to the ischial tuberosity,
which avoids a nearby ulcer and
targets an area of subtle sclerosis
corresponding to an area of
chronic osteomyelitis seen by
MRI. b A CT-guided biopsy
image from a different patient
demonstrates a dorsal approach to
the fourth metatarsal head with
the needle extending nearly to the
volar surface. There is a
corresponding plantar ulceration
and slightly erosive change along
the plantar aspect of the fourth
metatarsal head. c Fluoroscopy-
guided biopsy image
demonstrates a needle
approaching the eroded aspect of
the first distal phalanx laterally,
targeting the area of osteolysis

Fig. 2 a AT1-weighted sagittal
image through the calcaneus
demonstrates confluent T1
hypointensity (arrow) within the
posterior aspect of the calcaneus
with overlying skin and soft-
tissue changes corresponding to
the clinically visible ulceration,
all findings consistent with
osteomyelitis. b A frontal foot
radiograph demonstrates
osteolysis of the first distal
phalanx (arrow) adjacent to an
area of skin and soft-tissue
irregularity corresponding to a
clinical ulceration that has
progressed from a previous
radiograph, meeting radiography/
CTcriteria for osteomyelitis. Both
of these examinations met the
inclusion criteria for the study
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Histopathology results were recorded for those in whom a
sample was sent. Histology was deemed to be positive for
osteomyelitis if there was acute or chronic inflammation.
Pathologically normal bone was classified as histologically
negative, and other nonspecific pathological findings were
deemed indeterminate.

Patient response to antibiotics therapy was recorded as pos-
itive or negative for those who were not lost to follow-up. A
positive response was determined based on decreased osseous
signal changes on MRI, clinical examination improvement,
and/or improvement in laboratory inflammatory markers (C-
reactive protein and erythrocyte sedimentation rate) docu-
mented within 4 months of biopsy. Patients who had no
change, clinical/imaging worsening, or went on to
debridement/amputation were deemed to have a negative re-
sponse to antibiotics therapy.

Results

A total of 85 nonspine biopsies were performed by the mus-
culoskeletal radiology division for potential osteomyelitis at
the authors’ institution during the specific time period, of
which 60 met the inclusion criteria (Fig. 3). These consisted
of 25 biopsies of the foot/toe and 35 biopsies of the pelvis and
femur. All foot osteomyelitis patients had an overlying ulcer.
All pelvic biopsy patients had an adjacent decubitus ulcera-
tion, with the exception of one patient who had a rectal ab-
scess adjacent to the area of osteomyelitis. All patients
underwent preprocedural imaging, which demonstrated find-
ings of osteomyelitis; in 56 of the biopsies the patient had
undergone preprocedural MRI, whereas 2 had only previous

CT and 2 had only previous radiographs. The area of T1 mar-
row hypointensity or active osteolysis was targeted in all bi-
opsy images.

Positive cultures were obtained in 11 out of 60 biopsies
overall (18%), including 6 out of 35 pelvic biopsies (17%)
and 5 out of 25 foot/toe biopsies (20%). Two of the positive
pelvic biopsies were obtained from different areas of the same
patient on the same day. Among the foot biopsies, 2 of these
cultures were felt likely to be contaminants by the infectious
disease specialists, as documented on the clinical chart, in-
cluding coagulase-negative staphylococci and coryneform
Gram-positive rods. None of the cases of positive culture in
the pelvic biopsy cases were felt to be due to contamination by
the referring service. Polymicrobial infection was seen in only
one patient, a pelvic biopsy patient who grew Proteus
mirabilis and Gram-positive anaerobic cocci. There was no
statistical difference between the number of culture-positive
foot/toe and pelvis/proximal femur bone biopsies.

Antibiotics had been given within 24 h before the biopsy in
18 out of 60 procedures (30%), including 7 out of 25 foot/toe
biopsies (28%) and 11 out of 35 pelvic biopsies (31%).
Among biopsies with culture-positive biopsies, 2 out of 11
(18%) received antibiotics in the 24 h before the procedure.
Among patients who had recently received antibiotics, 0 out
of 7 foot (0%) and 2 out of 11 pelvic biopsies (18%) were
culture-positive.

In 2 patients an inadequate sample was sent. One of these
the samples was lost in transit and a repeat biopsy was per-
formed. The other was a case in which the patient experienced
a pulseless electrical activity (PEA) arrest of unknown etiolo-
gy during the procedure such that the procedure was terminat-
ed after a sample was obtained for histology, but before a
sample could be obtained for culture. Most specimens were
not sent for histopathology, and among those that were sent,
the histopathology findings were consistent with osteomyelitis
in 1 out of 8 foot biopsies (13%) and 9 out of 14 pelvis
biopsies (64%). All 10 of the samples positive for osteomye-
litis at histopathology had no growth on culture.

Only 3 out of 11 biopsies with culture positive results
(27%) had antibiotics management altered based on suscepti-
bility laboratory analysis, as determined by the criteria set
forth, or 3 out of 60 biopsies performed (5%). One of these
patients had not previously been on antibiotics, but was started
on targeted antibiotics therapy after the biopsy. The other 2
had their previous antibiotics regimen altered based on the
culture results. Three patients did not meet the first criteria
requiring that bone biopsy results yield a different pathogen
when compared with another site in the same clinical scenario,
including 2 pelvic biopsy patients with methicillin-susceptible
Staphylococcus aureus on blood culture and 1 foot biopsy
patient with Serratia marcescens in a wound culture. Two
pelvic biopsy patients did not have any change in antibiotics
management after the biopsy compared with pre-biopsy, 1 of

Fig. 3 Flowchart demonstrating how the inclusion and exclusion criteria
were utilized to narrow the pool of image-guided biopsies performed at
the institution to relevant cases with imaging findings of osteomyelitis.
MSK musculoskeletal
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whom had concern for polymicrobial infection as the stated
reason for not treating with targeted antibiotics therapy. There
was concern for contamination in 2 of the positive foot biopsy
cultures; 1 had no change in antibiotics therapy and the other
had changes in their antibiotics regimen that were coincidental
and not an attempt to target the culture results.

Among patients who had negative biopsy cultures, most
(71%) were maintained on the same antibiotics regimen as
they had been on either before the procedure or while culture
data were pending (Table 1). A small number of patients had a
change in antibiotics management, were started on broad-
spectrum antibiotics after culture results were known, or were
discharged without antibiotics. Most patients (58%) had a
positive response to antibiotics therapy within the first
4 months (Table 2), regardless of whether culture results were
positive or negative.

Discussion

The results of this retrospective analysis suggest that there was
limited utility for CT- or fluoroscopy-guided percutaneous
bone needle biopsy in our patient population, as cultures were
usually negative and management was seldom altered based
on the pathogen sensitivity data. Only 11 out of 60
postprocedural samples (18%) were found to be culture-posi-
tive, and antibiotics management was altered in only 3 out of
60 biopsies performed (5%). This represents a significant dis-
crepancy when compared with much of the literature, which
has consistently reported culture positivity rates of 75% and
above.

There are several potential explanations for this discrepan-
cy with the previous literature. Many of the studies on bone
biopsies focus on surgical as opposed to percutaneous speci-
mens [1, 5, 6, 15–17]. Surgical specimens are typically much

larger than those obtained percutaneously, and as such, the
high success rates from open surgical biopsy cannot be as-
sumed to be the same as for percutaneous biopsy [18]. Other
articles have combined extremity and spine biopsies into one
data set [19, 20]; however, the culture positivity rate of spine
biopsies is typically considered to be higher than for the ex-
tremities [7], which may result in an elevation of the culture
positivity rate. Multiple articles on bone biopsy culture come
from a single group, which has reported consistently high
culture positivity rates ranging from 68 to 86% [21–24]. The
authors from that group describe a percutaneous approach
similar to that used in our study; however, it may be difficult
to generalize the high rate of culture positivity from that single
group to other institutions. In support of our low rate of culture
positivity, Wu et al. found a growth rate of 29% in patients
without an intraosseous abscess [7], which is similar to our
finding of 18% culture positivity.

Alternatively, there may be slight variations in the procedure
or technique, or differences in the microbiological analysis of
the sample once the bone biopsy is complete. The infectious
disease literature has suggested that a frequent cause of false-
negative cultures is that the biopsy misses the area of active
osteomyelitis [1]; however, this seems unlikely in our series, as
all biopsies were targeting the area of marrow T1 hypointensity
or active osteolysis upon review of the biopsy images. Recent
antibiotics use has also been suggested as a potential cause of
lower culture positivity rate [1, 7], although there is some con-
troversy in the literature, as recent publications have shown no
significant difference in culture rate in patients on antibiotics
undergoing spinal biopsy [25–27]. Antibiotics did not appear to
be an issue in the current series; the percentage of positive
biopsies where the patient had had recent antibiotics use
(18%) was similar to the rate of antibiotics usage in the biopsy
population as a whole (30%).

In contrast to our finding that percutaneous biopsy rarely al-
ters clinical management, there are several articles in the infec-
tious disease literature that do illustrate an impact on antibiotics
management and subsequent patient outcomes [15, 22].
However, 75–85% of patients had positive cultures in those stud-
ies; thus, there were more patients with positive cultures for the
potential change in antibioticsmanagement to have an impact. At
an institution where the expected culture positivity rate is lower,
the impact on clinical management may also be low.

The possibility of polymicrobial infection was a cited con-
cern among clinicians in our chart review, as the reason for not
tailoring the antibiotics regimen in cases with positive bone

Table 1 Antibiotics changes among biopsies with negative biopsy
cultures

Antibiotics management with
negative culture

Foot Pelvis Total, 49
biopsies (%)

Same 17 18 35 (71)

Changed 1 3 4 (8)

Started on broad-spectrum
antibiotics

1 2 3 (6)

No antibiotics at discharge 1 6 7 (14)

Table 2 Patient response to
antibiotics management within
4 months of treatment

Antibiotics response Foot culture + Foot culture - Pelvis culture + Pelvis culture - Total (%)

Positive 3 12 5 15 35 (58)

Negative 2 7 0 11 20 (33)

Lost to follow-up 0 1 1 3 5 (8)
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culture. Polymicrobial infection is in fact quite common in
diabetic foot infection [23, 28]. Polymicrobial infection is also
present in virtually all cases of pelvic osteomyelitis associated
with decubitus ulceration, with an average of four bacterial
isolates per case [2]. With only one case showing
polymicrobial positive culture, our rate of polymicrobial in-
fection seems lower than in the published literature, particu-
larly for the decubitus ulceration cases where polymicrobial
infection is the norm.

Although complications are rare with image-guided biop-
sies, they can happen in any attempted procedure, and as such,
all procedures should have a reasonable probability of provid-
ing useful clinical information when undertaken. Patients un-
dergoing biopsy for osteomyelitis typically have comorbidities
that may place them at a higher risk for a complication. There is
also potential concern about creating a new wound with a tract
leading to bone as a component of the biopsy procedure, given
that these patients are already susceptible to poor wound
healing [28]. In spite of the risk of percutaneous biopsy being
quite low, this risk remains present and needs to be balanced
against the low potential benefit to the patient.

The current study has several limitations. One is that the
extremely low rate of culture positivity limits statistical anal-
ysis between different biopsy sites or the use of analytical
statistics; therefore, purely observational statistics have been
used. Furthermore, during the data gathering phase of the
retrospective review, ordering physician tendencies were ob-
served, introducing a component of selection bias, as some
clinicians routinely requested bone biopsies based on IDSA
guidelines, whereas others rarely did. Chart follow-up was
only done for the first 4 months following the biopsy, as many
of these chronically ill patients had delayed recurrences mak-
ing it difficult to discern treatment success in the long term.
Antibiotics duration could be reliably obtained only for the
24 h preceding the biopsy, as many patients were transfers
from outside institutions. Although it would have been ideal
for this period to be longer, it is the same as the cut-off utilized
in other studies [7]. Some patients may also have had infec-
tions at other body locations requiring antibiotics.

In conclusion, there was limited utility in our study popu-
lation for percutaneous bone biopsy in the management of
patients with imaging findings of osteomyelitis, as culture-
positive rates were low and management was rarely altered
based on the biopsy results. Aggressively pursuing percutane-
ous biopsy may be less applicable at institutions with a low
rate of culture positivity for percutaneous image-guided biop-
sies. Further research is needed to address the range of culture
positivity rates across multiple institutions, specifically for
percutaneous image-guided biopsies without inclusion of sur-
gical or spine biopsies in the data set. Individual institutions
may want to audit their own culture positivity rate before
embarking on a policy of aggressively pursuing biopsy in
patients with osteomyelitis.
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