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Appropriate use criteria (AUC) are statements that contain
indications describing when and how often an intervention should
be performed under the optimal combination of scientific evi-
dence, clinical judgment, and patient values while avoiding unnec-
essary provisions of services. Society of Nuclear Medicine and
Molecular Imaging (SNMMI) is a qualified provider-led entity
under the Medicare AUC program for advanced diagnostic imag-
ing, allowing referring physicians to use SNMMI AUC to fulfill
the requirements of the 2014 Protecting Access to Medicare Act.
SNMMI follows a balanced multidisciplinary approach to guid-
ance development by including various stakeholders in the devel-
opment process. For background and a detailed explanation of this
development process, see http://www.snmmi.org/ClinicalPractice/
content.aspx?ItemNumber=15665. The full version of this docu-
ment, including information on methodology, conflicts of interest,
benefits and arms, definition of terms list of external reviewers,
and additional special commentary, is available at www.snmmi.
org/auc. This article is a summary of the complete text of the
AUC, which is available at www.snmmi.org/auc.

EXECUTIVE SUMMARY

The value of nuclear medicine imaging for diagnosing infec-
tions, was first recognized nearly 50 y ago (1). The 3-phase bone
scan was for many years the radionuclide test of choice for muscu-
loskeletal infection, with an accuracy exceeding 90% in patients
with unviolated bone. Over time, with the advent of new cross-
sectional imaging studies such as computed tomography (CT) and
magnetic resonance imaging (MRI), patients referred for radionu-
clide imaging increasingly had preexisting conditions. These con-
ditions adversely affect the specificity of bone scintigraphy and
necessitated the development of adjunctive and/or alternative pro-
cedures, including 67Ga-citrate (67Ga) scintigraphy, labeled leuko-
cyte scintigraphy, and, more recently, 18F-fluorodeoxyglucose
(18F-FDG), to facilitate the differentiation of infection from other
entities associated with increased bone mineral turnover (2).
The document describes the appropriate use of nuclear medicine

imaging in patients suspected of having musculoskeletal infec-
tions. It is anticipated that, based on the recommendations pro-
vided, these imaging tests will be appropriately applied to improve

the care of patients. These AUC were developed by an autono-
mous workgroup of representatives from the SNMMI, the Ameri-
can College of Nuclear Medicine (ACNM), and a hospitalist.
These criteria were developed in accordance with the Protecting
Access to Medicare Act of 2014, which requires that all referring
physicians consult AUC through a clinical decision support mech-
anism prior to ordering advanced diagnostic imaging tests (3). The
AUC in this document are intended to assist referring health-care
providers in the appropriate use of nuclear medicine imaging in
patients suspected of having musculoskeletal infection.

INTRODUCTION

Musculoskeletal infection is a general term that includes osteo-
myelitis, orthopedic hardware infections (including periprosthetic
joint infections [PJIs]), and septic arthritis. These infections can
arise hematogenously from a remote location or by direct inocula-
tion, that is, spread of organisms from direct trauma or a contiguous
focus of infection and from postoperative sepsis. Local risk factors
include open fractures, recent surgery, and orthopedic hardware.
Systemic risk factors include diabetes mellitus, immunosuppres-
sion, and substance abuse. The diagnosis of musculoskeletal infec-
tion is not always obvious, and nuclear medicine imaging is
frequently performed as part of the diagnostic workup. No one pro-
cedure is equally efficacious for all indications. The selection of an
appropriate study is governed by the clinical question(s) posed (2).
Much of the nuclear medicine literature has focused on the role

of radionuclide imaging for diagnosing pedal osteomyelitis in dia-
betes, spondylodiscitis, and infections involving orthopedic hard-
ware, including joint prostheses. At one time, the most extensively
investigated and widely used radionuclides for musculoskeletal
infection were bone, 67Ga, and labeled leukocyte scintigraphy.
More recently, 18F-FDG has assumed an increasingly important
role in musculoskeletal infection imaging. Consequently, the
workgroup chose to focus on the roles of these radiopharmaceuti-
cals for each of these conditions, along with septic arthritis.
There are several limitations to the literature regarding the value

of radionuclide imaging in musculoskeletal infection. Published
results consist primarily of retrospective investigations, with rela-
tively few subjects, performed at a single institution, and using
various standards of truth against which the test is judged. Well-
designed prospective multicenter investigations are virtually nonexis-
tent. In the absence of published data, the authors of this document
relied on expert opinion from nuclear medicine specialists in the
United States, Europe, Africa, and the referring clinical community.
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The workgroup is of the opinion that the most accurate assessment
of the utility of nuclear medicine imaging in musculoskeletal infec-
tion is obtained by combining existing literature with the opinions of
multidisciplinary experts. The recommendations provided relate only
to the appropriate use of nuclear medicine imaging and do not pre-
clude other testing, nor are they intended to replace clinical judg-
ment. Referring health-care providers should consider patient
history, physical examination, and other test results when contem-
plating nuclear medicine imaging. This document may also be help-
ful by providing guidance for imaging specialists, as well as for
developers of clinical decision support tools.

METHODOLOGY

The experts of this AUC workgroup were convened by the
SNMMI to represent a multidisciplinary panel of health-care pro-
viders with substantive knowledge in the use of nuclear medicine
procedures in musculoskeletal infection imaging. In addition to
SNMMI members, representatives from the ACNM were included
in the workgroup. Ten physician members were ultimately
selected to participate and contribute to the AUC. A complete list
of workgroup participants and external reviewers can be found in
Supplemental Appendix A (supplemental materials are available at
http://jnm.snmjournals.org).
Supplemental Appendix B presents a summary of definitions of

terms and acronyms, Supplemental Appendix C provides disclo-
sures and conflicts-of-interest statements, and Supplemental
Appendix D describes the solicitation of public commentary.

AUC Development
The process for AUC development was modeled after the

RAND/UCLA Appropriateness Method for AUC development
(4). It included identifying a list of relevant clinical scenarios
where nuclear medicine can be used in the imaging of musculo-
skeletal infections, a systematic review of evidence related to these
clinical scenarios, and a systematic synthesis of available evi-
dence, followed by the development of AUC for each of the vari-
ous clinical scenarios by using a modified Delphi process. This
process strove to adhere to the Institute of Medicine’s standards
for developing trustworthy clinical guidance (5). The final docu-
ment was drafted on the basis of group ratings and discussions.

Scope and Development of Clinical Scenarios
To begin this process, the workgroup discussed various potential

clinical scenarios for the appropriate use of musculoskeletal infection
imaging. For clinical scenarios, the relevant populations of interest
were children and adults of all genders, ages, races, and geographic
locations with known or suspected infections. The specific subgroups
of interest were patients who were immunocompetent, who were
immunosuppressed (e.g., owing to human immunodeficiency virus
[HIV], tumor, transplant), or who had diabetes mellitus; patients who
had prosthetic material (hardware, vascular grafts, cardiac implant-
able devices); and patients who were pregnant.
The workgroup identified 63 clinical scenarios for musculoskeletal

infection imaging, which were evaluated and addressed in 8 sections
(Section 1: Diagnosis of Spondylodiscitis in Patients Without Spinal
Hardware; Section 2: Diagnosis of Spondylodiscitis in Patients with
Spinal Hardware; Section 3: Diagnosis of Uncomplicated Peripheral
Bone Osteomyelitis; Section 4: Diagnosis of Complicated Peripheral
Bone Osteomyelitis, Including Orthopedic Hardware Infection; Sec-
tion 5: Diagnosis of Foot Osteomyelitis in Diabetic Patients; Section
6: Diagnosis of PJI of the Hip and Knee; Section 7: Diagnosis of PJI

of the Shoulder; and Section 8: Diagnosis of Septic Arthritis). The
scenarios are intended to be as representative of the relevant patient
population as possible for the development of AUC. The resulting
AUC are based on evidence and expert opinion regarding diagnostic
accuracy and effects on clinical outcomes and clinical decision mak-
ing as applied to each scenario. Other factors affecting the AUC rec-
ommendations were potential harm, including long-term harm that
may be difficult to capture; costs; availability; and patient
preferences.

Systematic Review
To inform the workgroup, a systematic review of the relevant evi-

dence was commissioned by an independent group, the Pacific
Northwest Evidence-Based Practice Center of Oregon Health and
Science University (6). The primary purpose of the systematic
review was to synthesize the evidence on the accuracy of nuclear
medicine imaging techniques for the diagnosis of infectious and
inflammatory conditions and on the effects of nuclear medicine
imaging on clinical outcomes and clinical decision making. The
workgroup selected the following key questions to guide the review:

1. What is the accuracy of bone scintigraphy with or without
single-photon emission computed tomography (SPECT) or
SPECT/CT for the diagnosis of osteomyelitis?

2. What is the accuracy of in vitro labeled leukocyte scintigraphy
with or without SPECT or SPECT/CT for the diagnosis of
infection?

3. What is the accuracy of in vitro labeled leukocyte scintigraphy
with or without SPECT or SPECT/CT for the diagnosis of an
inflammatory condition?

4. What is the accuracy of 67Ga scintigraphy with or without
SPECT or SPECT/CT for the diagnosis of infection?

5. What is the accuracy of 67Ga scintigraphy with or without
SPECT or SPECT/CT for the diagnosis of an inflammatory
condition?

6. What is the accuracy of PET, PET/CT, or PET/MRI with
18F-FDG for the diagnosis of an infection?

7. What is the accuracy of PET, PET/CT, or PET/MRI with
18F-FDG for the diagnosis of an inflammatory condition?

8. What are the effects of nuclear medicine imaging testing for
suspected infection or an inflammatory condition on clinical
outcomes or clinical decision making (e.g., use of treatments,
subsequent tests)?

For key questions 1 through 7, the reviewers assessed the
effects of the use of alternative tracers, different imaging methods,
and demographic and clinical characteristics of the populations
(e.g., immunocompetent, immunosuppressed, diabetic, prosthetic
materials, pregnant patients) to the extent possible.
The inclusion and exclusion criteria for papers for this review

were based on the study parameters established by the workgroup,
using the PICOTS (population, intervention, comparisons, out-
comes, timing, and setting) approach. Searches for relevant studies
and systematic reviews were conducted on the following data-
bases: Cochrane Central Register of Controlled Trials, Cochrane
Database of Systematic Reviews, and Ovid MEDLINE (through
January 2018). These searches were supplemented by reviewing
the reference lists of relevant publications and suggestions from
SNMMI workgroup members.
Two investigators independently reviewed abstracts and full-

text articles against prespecified eligibility criteria, as defined by
PICOTS. The population comprised patients with suspected
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infectious conditions (osteomyelitis, including PJIs and orthopedic
hardware infections; spondylodiscitis; bacteremia; infected liver or
kidney cysts; cardiovascular infections; AIDS-associated infec-
tions; tuberculosis; diabetic foot infections; pneumonia; and
abdominal abscess); inflammatory conditions (sarcoidosis, vasculi-
tis, inflammatory bowel disease, and inflammatory arthritis); and
Fever of Unknown Origin. The imaging modalities were as
follows:

� 99mTc bone scintigraphy, with or without SPECT or SPECT/CT
� 99mTc or 111In in vitro labeled leukocyte scintigraphy, with or

without SPECT or SPECT/CT
� 67Ga scintigraphy, with or without SPECT or SPECT/CT

18F-FDG PET, PET/CT, or PET/MRI

For questions on diagnostic accuracy, the reviewers included
cross-sectional and cohort studies and systematic reviews of cross-
sectional and cohort studies that reported the diagnostic accuracy of
the imaging modality against a reference standard. For osteomyeli-
tis and PJIs, they restricted inclusion to studies that used histopath-
ological findings for osteomyelitis cases and used histopathological
findings or clinical follow-up for at least 3 mo as the reference stan-
dard. For other infectious conditions and inflammatory conditions,
included studies were those that used histopathological or microbi-
ological findings as part of the reference standard, with or without
clinical follow-up. Reviewers excluded studies in which the refer-
ence standard was unclear or not reported, consisted only of clinical
follow-up, or was based on alternative imaging findings only. Pri-
mary studies on diagnostic accuracy were also excluded if they
used a case-control design or enrolled cases only.
For effects on clinical outcomes, reviewers included cohort studies

of nuclear medicine imaging versus no nuclear medicine imaging
that reported mortality, morbidity, or other clinical outcomes. For
effects on clinical decision making, reviewers included cohort studies
and imaging series of nuclear medicine imaging that reported effects
on subsequent use of tests and treatments. In lieu of primary studies,
when available, reviewers included good- and fair-quality systematic
reviews and metaanalyses that were most relevant to the key ques-
tions and scope and had more recent search dates. They did not con-
duct updated metaanalyses to incorporate new studies. Rather, they
conducted a qualitative examination of the results of new studies and
the degree to which they were consistent or inconsistent with pooled
or qualitative findings from prior systematic reviews and metaanaly-
ses. Non-English language articles and studies published only as con-
ference abstracts were excluded.
Two investigators independently assessed the quality (risk of

bias) of each study as “good,” “fair,” or “poor” by using prede-
fined criteria that were specific for each study design. AMSTAR
(A MeaSurement Tool to Assess systematic Reviews) (7) was
used for systematic reviews (except diagnostic accuracy), adapted
by the U.S. Preventive Services Task Force criteria for randomized
trials and cohort studies, and QUADAS-2 (Quality Assessment of
Diagnostic Accuracy Studies-2) (8) for primary studies and sys-
tematic reviews of diagnostic accuracy. Discrepancies were
resolved through a consensus process. The strength of the overall
evidence was graded as high, moderate, low, or very low using
GRADE methods based on quality of evidence, consistency,
directness, precision, and reporting bias.
Database searches, review of reference lists, and suggestions

from experts resulted in 6,537 potentially relevant articles. After a
dual review of abstracts and titles, 1,334 articles were selected for

full-text dual review. Of these, 51 studies were determined to meet
inclusion criteria and were included in this review. In addition, 24
systematic reviews on diagnostic accuracy, covering a total of 255
unique studies, were also included in this review.

Rating and Scoring
In developing these AUC for musculoskeletal infection imag-

ing, the workgroup members used the following definition of
appropriateness to guide their considerations and group discus-
sions: “The concept of appropriateness, as applied to health care,
balances risk and benefit of a treatment, test, or procedure in the
context of available resources for an individual patient with spe-
cific characteristics” (9).
At the beginning of the process, workgroup members convened

via webinar/teleconference to develop the initial clinical indica-
tions. On evaluating the evidence summary of the systematic liter-
ature review, the workgroup further refined its draft clinical
indications to ensure their accuracy and facilitate consistent inter-
pretation when scoring each indication for appropriateness. Using
the evidence summary, workgroup members were first asked indi-
vidually to assess the appropriateness and provide a score for each
of the identified indications. Workgroup members then convened
in a group setting for several successive webinars to discuss each
indication and associated scores from the first round of individual
scoring. After deliberate discussion, a consensus score was deter-
mined and then assigned to the associated appropriate use indica-
tion. For this scoring round, the expert panel was encouraged to
include their clinical expertise in addition to the available evidence
in determining the final scores. All members contributed to the
final discussion, and no one was forced into consensus. After the
rating process was completed, the final appropriate use ratings
were summarized in a format similar to that outlined by the
RAND/UCLA Appropriateness Method.
The workgroup scored each indication as “appropriate,” “may

be appropriate,” or “rarely appropriate” on a scale from 1 to 9.
Scores 7–9 indicate that the use of the procedure is appropriate for
the specific clinical indication and is generally considered accept-
able. Scores 4–6 indicate that the use of the procedure may be
appropriate for the specific indication. This implies that more
research is needed to classify the indication definitively. Scores
1–3 indicate that the use of the procedure is rarely appropriate for
the specific indication and generally is not considered acceptable.
As stated by other societies that develop AUC, the division of

these scores into 3 general levels of appropriateness is partially
arbitrary, and the numeric designations should be viewed as a con-
tinuum. In addition, if there was a difference in clinical opinion
for an indication such that workgroup members could not agree on
a common score, that indication was given a “may be appropriate”
rating to indicate a lack of agreement on appropriateness based on
the available literature and the members’ collective clinical opin-
ion, indicating the need for additional research.

SECTION 1: DIAGNOSIS OF SPONDYLODISCITIS IN PATIENTS
WITHOUT SPINAL HARDWARE

Introduction
Spondylodiscitis, also known as spinal or vertebral osteomyeli-

tis or septic discitis, is an infection of the vertebral body and/or
disc. It accounts for about 1% of all cases of osteomyelitis, with
bimodal peaks: below the age of 20 y and from 50 to 70 y. The
infection may extend into the epidural space, posterior elements,
and paraspinal soft tissues. Preexisting conditions such as
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endocarditis, septic arthritis, urinary tract infections, and indwell-
ing catheter infections predispose individuals to these infections.
Advanced age, diabetes mellitus, coronary artery disease, spinal
interventions, immunosuppression, and intravenous drug use are
additional risk factors. The incidence of spondylodiscitis is
increasing; this is probably related to aging of the population with
a large number of chronic morbidities, increasing use of intrave-
nous medications and drug abuse, and a growing number of spinal
surgeries and instrumentation. Spondylodiscitis usually results
from hematogenous spread from a remote site of infection. Less
frequently, it is due to direct inoculation at the time of surgery or
during spinal procedures, or to penetrating trauma. Occasionally,
spondylodiscitis can result from contiguous spread of an adjacent
soft-tissue infection. The lumbar, thoracic, and cervical spine, in
decreasing order of prevalence, are the major sites of involvement.
In about 65% of cases, the infection involves a single spinal seg-
ment, which includes 2 contiguous vertebral bodies and the inter-
vening disc. Multilevel contiguous infection occurs in about 20%
of cases and noncontiguous infection in about 10% of cases (10).
In developing countries and among HIV-infected patients, Myco-
bacterium tuberculosis is an important cause of spondylodiscitis,
affecting the thoracic spine more frequently than the rest of the
spine and with a propensity for multilevel involvement (11).

Background
Clinical and laboratory evaluations are often not sufficient for

diagnosing spondylodiscitis, which is frequently an indolent dis-
ease. The interval between the onset of symptoms and diagnosis
may be long (12). Back pain, which is present in a myriad of other
conditions affecting the spine, followed by fever (seen in about
50% of cases) are the most common presenting symptoms.
C-reactive protein levels and erythrocyte sedimentation rate are
often elevated, but are not specific, and the peripheral white blood
cell count is not sensitive (10). Imaging, therefore, plays an impor-
tant role in the diagnosis of spondylodiscitis.

Clinical Scenarios and AUC Scores
Clinical scenarios for the diagnosis of spondylodiscitis in

patients without spinal hardware, along with final AUC scores, are
presented in Table 1.

Scenario 1: Diagnosis of spondylodiscitis in patients without spi-
nal hardware, bone scintigraphy (99mTc-methylene diphosphate
[MDP] or 99mTc-hydroxyethylene diphosphate [HDP]) (Score 3 –

Rarely Appropriate)

No systematic reviews addressed the role of bone scintigraphy
for diagnosing spondylodiscitis. The diagnostic performance of
bone scintigraphy varies significantly depending on the study tech-
nique, such as planar, 3-phase, or SPECT (13). In a study that
evaluated the diagnostic performance of bone scintigraphy in
spondylodiscitis, the reported sensitivity, specificity, and accuracy
were 73%, 69%, and 71%, respectively, when bone SPECT was
interpreted alone. Inclusion of planar images in scan interpretation
improved sensitivity (82%), but with a significant decrease in spe-
cificity (23%). Three-phase bone scintigraphy was specific (92%)
but not sensitive (36%) (14). Although bone scintigraphy is fre-
quently used as a screening test, false-negative results have been
reported in elderly patients, possibly secondary to arteriosclerosis-
induced ischemia. Furthermore, the test is not sensitive for detect-
ing the soft-tissue infections that may accompany, or mimic,
spondylodiscitis (2,10). For these reasons, it is the expert opinion
of the workgroup that, if used at all, bone scintigraphy should
not be the sole radionuclide test performed in suspected
spondylodiscitis.

Scenario 2: Diagnosis of spondylodiscitis in patients without spi-
nal hardware, 67Ga scintigraphy (Score 5 – May be Appropriate)

No systematic reviews addressed the role of 67Ga scintigraphy
for diagnosing spondylodiscitis. The reported sensitivity and spe-
cificity of 67Ga scintigraphy for diagnosing spondylodiscitis
ranges from 73% to 100% and from 61% to 92%, respectively.
Performing SPECT and SPECT/CT improves the diagnostic
accuracy. 67Ga scintigraphy is more sensitive than bone scintigra-
phy for detecting soft-tissue infections that accompany or mimic
spondylodiscitis and may be more sensitive than bone scintigraphy
in elderly patients. The 24- to 48-h delay between radiopharma-
ceutical administration and imaging and the relatively poor image
quality, however, are disadvantages of this agent (10). 67Ga is less
accurate than 18F-FDG PET and PET/CT for diagnosing spondylo-
discitis and for identifying paraspinal soft-tissue infections that
often accompany spondylodiscitis (15,16).

Scenario 3: Diagnosis of spondylodiscitis in patients without spi-
nal hardware, combined bone/67Ga scintigraphy (Score 6 – May
be Appropriate)

No systematic reviews addressed the role of combined
bone/67Ga scintigraphy for diagnosing spondylodiscitis. Available
data suggest that the accuracy of combined bone/67Ga scintigra-
phy, both planar and SPECT, is similar to that of 67Ga scintigra-
phy alone (14). In a comparison of combined bone/67Ga

TABLE 1
Clinical Scenarios for the Diagnosis of Spondylodiscitis in Patients Without Spinal Hardware

Scenario no. Description Appropriateness Score

1 Bone scintigraphy (99mTc-MDP or 99mTc-HDP) Rarely appropriate 3

2 67Ga scintigraphy May be appropriate 5

3 Combined bone/67Ga scintigraphy May be appropriate 6

4 Labeled leukocyte scintigraphy Rarely appropriate 2

5 Combined labeled leukocyte/bone scintigraphy Rarely appropriate 2

6 Combined labeled leukocyte/bone marrow scintigraphy Rarely appropriate 2

7 18F-FDG PET and PET/CT Appropriate 9
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scintigraphy with 18F-FDG PET/CT, the accuracy was 79% versus
88%, respectively. Results of bone scintigraphy and 67Ga scintig-
raphy individually, however, were not provided (16). A recent
investigation that used combined bone/67Ga SPECT/CT reported
an accuracy of 97% for diagnosing spondylodiscitis, similar to the
results reported for 18F-FDG PET and PET/CT (17). Nevertheless,
the combined study requires 2 different tracers, as well as multi-
ple, sometimes lengthy, imaging sessions on different days.

Scenario 4: Diagnosis of spondylodiscitis in patients without spi-
nal hardware, labeled leukocyte scintigraphy (Score 2 – Rarely
Appropriate)

The role of labeled leukocyte scintigraphy for diagnosing osteo-
myelitis of the spine was addressed in one systematic review, in
which the quality of evidence was fair (18). The sensitivity and
specificity of labeled leukocyte imaging for diagnosing osteomye-
litis in the central skeleton, including the spine, were reported to
be 21% and 60%, respectively. A major limitation of labeled leu-
kocyte scintigraphy is that 50% or more of the cases of spondylo-
discitis, for reasons that are not well understood, present as
nonspecific areas of decreased or absent activity (19). In an inves-
tigation of 71 patients with suspected spondylodiscitis, the accu-
racy of labeled leukocyte scintigraphy (66%) was similar to that of
bone scintigraphy (63%) (19).

Scenario 5: Diagnosis of spondylodiscitis in patients without spi-
nal hardware, combined labeled leukocyte/bone scintigraphy
(Score 2 – Rarely Appropriate)

There were no data on combined labeled leukocyte/bone scin-
tigraphy for diagnosing spondylodiscitis in the systematic reviews.
Because of its high sensitivity, bone scintigraphy is often used as a
screening test for osteomyelitis. When the results are positive for
osteomyelitis, labeled leukocyte imaging is performed to improve
specificity. In the case of spondylodiscitis, many of the noninfec-
tious conditions associated with increased activity on bone scintig-
raphy are also associated with nonspecific decreased uptake on
labeled leukocyte imaging (19). Consequently, it is the expert
opinion of the workgroup that combined labeled leukocyte/bone
scintigraphy is not likely to improve the specificity of bone scin-
tigraphy and should not be used for diagnosing spondylodiscitis.

Scenario 6: Diagnosis of spondylodiscitis in patients without spi-
nal hardware, combined labeled leukocyte/bone marrow scintigra-
phy (Score 2 – Rarely Appropriate)

There were no data on combined labeled leukocyte/bone mar-
row scintigraphy for diagnosing spondylodiscitis in the systematic
reviews. Bone marrow scintigraphy facilitates the differentiation
of labeled leukocyte accumulation in infection from accumulation
in bone marrow (2). A prerequisite for performing bone marrow
imaging is the presence of labeled leukocyte accumulation in the
area of concern. Since 50% or more of all spondylodiscitis cases
present as decreased or absent activity on labeled leukocyte imag-
ing, it is the expert opinion of the workgroup that combined
labeled leukocyte/bone marrow scintigraphy would not be helpful
and should not be performed for diagnosing spondylodiscitis.

Scenario 7: Diagnosis of spondylodiscitis in patients without spi-
nal hardware, 18F-FDG PET and PET/CT (Score 9 – Appropriate)

One systematic review addressed the role of 18F-FDG PET and
PET/CT for diagnosing spondylodiscitis. The quality of the

evidence was fair. The pooled sensitivity and specificity were 97%
and 88%, respectively, with positive and negative likelihood ratios
of 8.19 and 0.03, respectively (20). In a more recent metaanalysis,
18F-FDG PET/CT demonstrated a pooled sensitivity of 94.8%
(95% confidence interval [CI], 88.9%–97.6%) and a pooled specif-
icity of 91.4% (95% CI, 78.2%–96.9%). The pooled positive and
negative likelihood ratios were 4.7 (95% CI, 2.9–7.7) and 0.11
(95% CI, 0.07–0.16), respectively (21). Published data indicate
that 18F-FDG PET and PET/CT are more accurate than 67Ga for
diagnosing spondylodiscitis and for identifying accompanying par-
aspinal soft-tissue infections (15,16).

SUMMARY OF RECOMMENDATIONS

18F-FDG PET and PET/CT are the nuclear medicine imaging
tests of choice for diagnosing spondylodiscitis. When 18F-FDG
PET and PET/CT cannot be performed, 67Ga scintigraphy alone or
in combination with bone scintigraphy, preferably with SPECT or
SPECT/CT, is an acceptable alternative. Because of poor sensitiv-
ity for the paravertebral soft-tissue infections that may accompany
spondylodiscitis, bone scintigraphy should not be performed alone
but could be performed in conjunction with 67Ga scintigraphy.
There is no role for labeled leukocyte scintigraphy, alone or in
combination with bone or bone marrow scintigraphy, for diagnos-
ing spondylodiscitis.

SECTION 2: DIAGNOSIS OF SPONDYLODISCITIS IN PATIENTS
WITH SPINAL HARDWARE

Introduction
Postoperative spondylodiscitis has a prevalence ranging from

0.5% to approximately 19%, depending on comorbidities, surgical
technique, and hardware used. The presentation of postoperative
spondylodiscitis is often indolent and nonspecific. Although super-
ficial infections are easily diagnosed, diagnosis of deeper infec-
tions is more challenging. Fever is present in only about half of
the cases and laboratory tests are of limited value. The most com-
mon presentation is that of nonspecific back pain and constitu-
tional symptoms. Prompt diagnosis is imperative because a delay
may lead to spread of infection to the bone, epidural space, and
paravertebral soft tissues, with formation of biofilm around the
hardware. Biofilm is an impediment to successful antibiotic treat-
ment and may necessitate hardware removal, which can lead to
instability and pseudoarthrosis (22).

Background
Because the diagnosis of postoperative spondylodiscitis is not

always obvious, imaging studies play an integral role in the
workup of a symptomatic individual. Cross-sectional imaging
studies such as CT and MRI are hampered by hardware-induced
artifacts, even when metallic artifact reduction software is used.
Nuclear medicine imaging tests are less affected by the presence
of hardware and are valuable in the workup of postoperative spon-
dylodiscitis (10).

Clinical Scenarios and AUC Scores
Clinical scenarios for the diagnosis of spondylodiscitis in

patients with spinal hardware, along with final AUC scores, are
presented in Table 2.

Scenario 8: Diagnosis of spondylodiscitis in patients with spinal
hardware, bone scintigraphy (99mTc-MDP or 99mTc-HDP) (Score
3 – Rarely Appropriate)
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There were no data in the systematic reviews on the role of
bone scintigraphy for diagnosing spondylodiscitis in patients with
spinal hardware. It is well known that preexisting conditions such
as orthopedic hardware adversely affect the specificity of bone
scintigraphy in general. As already noted, false-negative results
have been reported in elderly patients, and the test is not sensitive
for detecting paravertebral soft-tissue infections that may accom-
pany or mimic spondylodiscitis (2,10). For these reasons, it is the
expert opinion of the workgroup that, if used at all, bone scintigra-
phy should not be the sole radionuclide test performed in patients
with spinal hardware with suspected spondylodiscitis.

Scenario 9: Diagnosis of spondylodiscitis in patients with spinal
hardware, 67Ga scintigraphy (Score 5 – May be Appropriate)

There were no data in the systematic reviews and only limited
data overall on the role of 67Ga scintigraphy for diagnosing spon-
dylodiscitis in patients with spinal hardware. In one investigation,
67Ga scintigraphy could not differentiate postoperative changes
from infection (23). 18F-FDG PET and PET/CT are superior to
combined bone/67Ga scintigraphy for diagnosing spondylodiscitis
in general (15,16). Therefore, it is the expert opinion of the work-
group that 67Ga scintigraphy should be used for diagnosing spon-
dylodiscitis in patients with spinal hardware only when 18F-FDG
PET and PET/CT are not available.

Scenario 10: Diagnosis of spondylodiscitis in patients with spinal
hardware, combined bone/67Ga scintigraphy (Score 6 – May be
Appropriate)

In the systematic reviews, there were no data on the role of
combined bone/67Ga scintigraphy for diagnosing spondylodiscitis
in patients with spinal hardware. 18F-FDG PET and PET/CT are
superior to combined bone/67Ga scintigraphy for diagnosing spon-
dylodiscitis in general (15,16). Therefore, it is the expert opinion
of the workgroup that combined bone/67Ga scintigraphy should be
used for diagnosing spondylodiscitis in patients with spinal hard-
ware only when 18F-FDG PET and PET/CT are not available.

Scenario 11: Diagnosis of spondylodiscitis in patients with spinal
hardware, labeled leukocyte scintigraphy (Score 2 – Rarely
Appropriate)

In the systematic reviews, there were no data on the role of
labeled leukocyte scintigraphy for diagnosing spondylodiscitis in
patients with spinal hardware. In one systematic review, in which
the quality of evidence was fair, the sensitivity and specificity of
labeled leukocyte imaging for diagnosing osteomyelitis in the

central skeleton, including the spine, were reported to be 21% and
60%, respectively (18). Given the poor performance of labeled
leukocyte scintigraphy for diagnosing spondylodiscitis in general,
it is the expert opinion of the workgroup that this test should not
be used for diagnosing spondylodiscitis in patients with spinal
hardware.

Scenario 12: Diagnosis of spondylodiscitis in patients with spinal
hardware, combined labeled leukocyte/bone scintigraphy (Score 2
– Rarely Appropriate)

There are no systematic reviews on the role of combined labeled
leukocyte/bone scintigraphy for diagnosing spondylodiscitis in
patients with spinal hardware. Labeled leukocyte imaging is often
performed to improve the specificity of bone scintigraphy. In the
case of spondylodiscitis, many conditions that result in a false-
positive result on bone scintigraphy appear as decreased uptake on
labeled leukocyte imaging (19). Consequently, it is the expert
opinion of the workgroup that performing labeled leukocyte
together with bone scintigraphy is not likely to improve the specif-
icity of bone scintigraphy for diagnosing spondylodiscitis, and
therefore combined labeled leukocyte/bone scintigraphy should
not be used for diagnosing spondylodiscitis in patients with spinal
hardware.

Scenario 13: Diagnosis of spondylodiscitis in patients with spinal
hardware, combined labeled leukocyte/bone marrow scintigraphy
(Score 2 – Rarely Appropriate)

There were no systematic reviews on the role of combined
labeled leukocyte/bone marrow scintigraphy for diagnosing spon-
dylodiscitis in patients with spinal hardware. Bone marrow scintig-
raphy facilitates the differentiation of labeled leukocyte
accumulation in osteomyelitis from accumulation in bone marrow
(2). It is the expert opinion of the workgroup that because 50% or
more of spondylodiscitis cases present as areas of decreased or
absent activity on labeled leukocyte imaging, performing comple-
mentary bone marrow scintigraphy in these cases would not
improve the specificity of the test. Therefore, combined labeled
leukocyte/bone marrow scintigraphy should not be used for diag-
nosing spondylodiscitis in patients with spinal hardware.

Scenario 14: Diagnosis of spondylodiscitis in patients with spinal
hardware, 18F-FDG PET and PET/CT (Score 8 – Appropriate)

One systematic review included data on 18F-FDG PET and
PET/CT for diagnosing spondylodiscitis in patients with spinal
hardware (20). The quality of the evidence was fair. The summary

TABLE 2
Clinical Scenarios for the Diagnosis of Spondylodiscitis in Patients with Spinal Hardware

Scenario no. Description Appropriateness Score

8 Bone scintigraphy (99mTc-MDP or 99mTc-HDP) Rarely appropriate 3

9 67Ga scintigraphy May be appropriate 5

10 Combined bone/67Ga scintigraphy May be appropriate 6

11 Labeled leukocyte scintigraphy Rarely appropriate 2

12 Combined labeled leukocyte/bone scintigraphy Rarely appropriate 2

13 Combined labeled leukocyte/bone marrow scintigraphy Rarely appropriate 2

14 18F-FDG PET and PET/CT Appropriate 8

1820 THE JOURNAL OF NUCLEAR MEDICINE � Vol. 62 � No. 12 � December 2021



AUC for spondylodiscitis was 0.98 versus 0.92 in patients with
spinal hardware. False-positive results were more common in
patients with spinal hardware than they were in patients without it
(12.8% vs. 7%), presumably due to hardware-induced aseptic
inflammation. Performing PET/CT rather than PET alone appears
to reduce hardware-associated false-positive results (10). Although
there are no comparative investigations of 18F-FDG PET and PET/
CT with bone, 67Ga scintigraphy, or labeled leukocyte scintigra-
phy in patients with spinal hardware, 18F-FDG PET and PET/CT
have outperformed these tests for diagnosing spondylodiscitis in
general (15,16,18). Therefore, it is the expert opinion of the work-
group that 18F-FDG PET and PET/CT are the most appropriate
radionuclide imaging tests for diagnosing spondylodiscitis in
patients with spinal hardware.

SUMMARY OF RECOMMENDATIONS

18F-FDG PET and PET/CT are the nuclear medicine imaging tests
of choice for spondylodiscitis in patients with spinal hardware. 67Ga
scintigraphy alone or in combination with bone scintigraphy should
be used only when 18F-FDG PET and PET/CT are not available.
Because of poor sensitivity for the paravertebral soft-tissue infections
that may accompany spondylodiscitis, bone scintigraphy should not
be performed alone but could be performed in conjunction with
67Ga scintigraphy. Labeled leukocyte scintigraphy alone or in combi-
nation with bone or bone marrow scintigraphy should not be used to
diagnose spondylodiscitis in patients with spinal hardware.

DIAGNOSIS OF UNCOMPLICATED PERIPHERAL BONE
OSTEOMYELITIS

Introduction
Osteomyelitis, an infectious process of the bone caused by bac-

teria, viruses, and fungi, can arise either hematogenously or via
direct or contiguous inoculation. Hematogenous osteomyelitis is
caused by seeding of organisms that are transported by the blood
from a remote source to the bone. It occurs most often in children.
Direct or contiguous inoculation osteomyelitis is caused by the
spread of organisms from direct trauma, a contiguous focus of
infection, or sepsis following surgery. Predisposing conditions
include diabetes mellitus, sickle cell disease, intravenous drug
abuse, alcoholism, and immunosuppression, as well as open frac-
tures, recent orthopedic surgery, and joint prostheses (24).

Background
The diagnosis of osteomyelitis is not always obvious. Signs and

symptoms are often nonspecific and the diagnosis cannot be made

on the basis of laboratory tests alone. Consequently, imaging pro-
cedures are performed routinely as part of the diagnostic workup.
Although plain radiography is usually the initial imaging study
performed, radionuclide imaging is frequently incorporated into
the diagnostic workup of osteomyelitis (24).

Clinical Scenarios and AUC Scores
Clinical scenarios for the use of nuclear medicine in the diagno-

sis of uncomplicated peripheral bone osteomyelitis, along with
final AUC scores, are presented in Table 3.

Scenario 15: Diagnosis of uncomplicated peripheral bone osteo-
myelitis, bone scintigraphy (99mTc-MDP or 99mTc-HDP) (Score 7
– Appropriate)

No systematic reviews specifically addressed bone scintigraphy
for diagnosing uncomplicated peripheral bone osteomyelitis. In a
review of several studies totaling 574 patients, the sensitivity and
specificity of 3-phase bone scintigraphy were 94% and 95%,
respectively (25).

Scenario 16: Diagnosis of uncomplicated peripheral bone osteo-
myelitis, 67Ga scintigraphy (Score 2 – Rarely Appropriate)

No systematic reviews specifically addressed 67Ga scintigraphy
for diagnosing uncomplicated peripheral bone osteomyelitis. There
was one systematic review on the accuracy of 67Ga scintigraphy
for the diagnosis of chronic osteomyelitis (n 5 92), defined as
osteomyelitis requiring more than one episode of treatment and/or
persistent infection lasting more than 6 wk. None of the studies
included in the review evaluated 67Ga scintigraphy with SPECT or
SPECT/CT. The level of evidence was fair. The pooled sensitivity
of the test was 0.56 (95% CI, 0.26–0.82) and the pooled specificity
was 0.76 (95% CI, 0.49–0.91) (18). It is the expert opinion of the
workgroup that based on these results together with the availability
of labeled leukocyte imaging and 18F-FDG PET/CT that 67Ga
scintigraphy does not have a role in diagnosing uncomplicated
peripheral bone osteomyelitis.

Scenario 17: Diagnosis of uncomplicated peripheral bone osteo-
myelitis, combined bone/67Ga scintigraphy (Score 2 – Rarely
Appropriate)

No systematic reviews specifically addressed combined
bone/67Ga scintigraphy for diagnosing uncomplicated peripheral
bone osteomyelitis. Combined bone/67Ga scintigraphy is typically
performed to improve the diagnostic specificity of bone scintigra-
phy in patients with underlying bone abnormalities (26). As
already noted, the specificity of 3-phase bone scintigraphy for

TABLE 3
Clinical Scenarios for the Diagnosis of Uncomplicated Peripheral Bone Osteomyelitis

Scenario no. Description Appropriateness Score

15 Bone scintigraphy (99mTc-MDP or 99mTc-HDP) Appropriate 7

16 67Ga scintigraphy Rarely appropriate 2

17 Combined bone/67Ga scintigraphy Rarely appropriate 2

18 Labeled leukocyte scintigraphy May be appropriate 6

19 Combined labeled leukocyte/bone scintigraphy May be appropriate 6

20 Combined labeled leukocyte/bone marrow scintigraphy May be appropriate 6

21 18F-FDG PET and PET/CT Appropriate 9
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diagnosing uncomplicated peripheral bone osteomyelitis exceeds
90% (25). It is the expert opinion of the workgroup that when
imaging in addition to bone scintigraphy is necessary, labeled leu-
kocyte scintigraphy or 18F-FDG PET/CT can be performed. The
additional radiation, time, and expense involved does not justify
performing combined bone/67Ga scintigraphy for diagnosing
uncomplicated peripheral bone osteomyelitis.

Scenario 18: Diagnosis of uncomplicated peripheral bone osteo-
myelitis, labeled leukocyte scintigraphy (Score 6 – May be
Appropriate)

No systematic reviews specifically addressed the role of labeled
leukocyte scintigraphy for diagnosing uncomplicated peripheral
bone osteomyelitis. Two systematic reviews addressed the role of
labeled leukocyte scintigraphy for diagnosing osteomyelitis in
general. The level of evidence in both was fair. In one review, the
test had a pooled sensitivity of 0.74 (95% CI, 0.64–0.83) and a
pooled specificity of 0.88 (95% CI, 0.80–0.94) for a positive likeli-
hood ratio of 4.71 (95% CI, 1.46–15.16) and a negative likelihood
ratio of 0.26 (95% CI, 0.08–0.81) (27). There was no statistically
significant difference in accuracy between studies performed with
111In-labeled leukocytes or with 99mTc-labeled leukocytes. The
area under the summary receiver operating characteristics curve
was 0.91 (SD 0.07) (27). In the second review, the pooled sensitiv-
ity was 0.61 (95% CI, 0.43–0.76) and the pooled specificity was
0.77 (95% CI, 0.63–0.87) (18).
The sensitivity and specificity of 3-phase bone scintigraphy for

diagnosing uncomplicated osteomyelitis exceed 90%. It is the
expert opinion of the workgroup that the use of labeled leukocyte
scintigraphy should be reserved for situations in which the results
of bone scintigraphy are inconclusive.

Scenario 19: Diagnosis of uncomplicated peripheral bone osteo-
myelitis, combined labeled leukocyte/bone scintigraphy (Score 6 –

May be Appropriate)

No systematic reviews specifically addressed the role of com-
bined labeled leukocyte/bone scintigraphy for diagnosing uncom-
plicated peripheral bone osteomyelitis. One systematic review
addressed the role of combined labeled leukocyte/bone scintigra-
phy for diagnosing peripheral bone osteomyelitis in general. The
level of evidence was fair. The systematic review found that the
combined test was more accurate than labeled leukocyte scintigra-
phy alone, with a pooled sensitivity of 0.78 (95% CI, 0.72–0.83)
and a pooled specificity of 0.84 (95% CI, 0.75–0.90) (18). Since
the sensitivity and specificity of 3-phase bone scintigraphy for
diagnosing uncomplicated osteomyelitis exceed 90%, it is the
expert opinion of the workgroup that the use of combined labeled
leukocyte/bone scintigraphy should be reserved for situations in
which the results of bone scintigraphy are inconclusive.

Scenario 20: Diagnosis of uncomplicated peripheral bone osteo-
myelitis, combined labeled leukocyte/bone marrow scintigraphy
(Score 6 – May be Appropriate)

No systematic reviews specifically addressed the role of com-
bined labeled leukocyte/bone marrow scintigraphy for diagnosing
uncomplicated peripheral bone osteomyelitis. The accuracy of
combined leukocyte/bone marrow scintigraphy for diagnosing
osteomyelitis is about 90%, similar to that of 3-phase bone scintig-
raphy (2). It is the expert opinion of the workgroup that combined
labeled leukocyte/bone marrow scintigraphy should be reserved

for those situations in which the results of bone scintigraphy are
inconclusive.

Scenario 21: Diagnosis of uncomplicated peripheral bone osteo-
myelitis, 18F-FDG PET and PET/CT (Score 9 – Appropriate)

No systematic reviews specifically addressed the role of 18F-
FDG PET are PET/CT for diagnosing uncomplicated peripheral
bone osteomyelitis. Two systematic reviews addressed the role of
18F-FDG PET and PET/CT for diagnosing osteomyelitis in gen-
eral. The level of evidence was fair for both. In one systematic
review, 18F-FDG PET had a pooled sensitivity of 0.92 (95% CI,
0.87–0.96) and a pooled specificity of 0.92 (95% CI, 0.87–0.96)
for the diagnosis of osteomyelitis, for a positive likelihood ratio of
9.77 (95% CI, 5.99–15.95) and a negative likelihood ratio of 0.12
(95% CI, 0.07–0.20). The area under the summary receiver operat-
ing characteristics curve was 0.97 (27). In the second systematic
review, 18F-FDG PET had a pooled sensitivity of 0.96 (95% CI,
0.88–0.99) and a pooled specificity of 0.91 (95% CI, 0.81–0.95).
18F-FDG PET was significantly more accurate than labeled leuko-
cyte scintigraphy (P 5 0.03), bone scintigraphy (P 5 0.0001), and
MRI (P 5 0.001) (18).

SUMMARY OF RECOMMENDATIONS

18F-FDG PET and PET/CT are the nuclear medicine imaging
tests of choice for the diagnosis of uncomplicated peripheral bone
osteomyelitis. Depending on availability, bone scintigraphy is an
acceptable alternative. Labeled leukocyte imaging alone or in
combination with bone or bone marrow scintigraphy should be
reserved for those circumstances in which 18F-FDG PET and PET/
CT or bone scintigraphy are not available or are not diagnostic.
67Ga scintigraphy, alone or in combination with bone scintigraphy,
should not be used to diagnose uncomplicated peripheral bone
osteomyelitis.

DIAGNOSIS OF COMPLICATED PERIPHERAL BONE
OSTEOMYELITIS, INCLUDING ORTHOPEDIC
HARDWARE INFECTION

Introduction
The term complicated osteomyelitis is used to describe those sit-

uations in which infection develops in bone that has been previ-
ously violated by processes such as tumors, fractures, and
orthopedic hardware. Posttraumatic and postsurgical osteomyelitis
can be especially difficult to diagnose. In the early postoperative
period, symptoms of infection, such as pain, swelling, and ery-
thema, can also be features of normal fracture healing. Later on,
clinical presentations such as persistent pain can be due to both
infectious and noninfectious causes. Bone and soft-tissue healing
after surgery and trauma may affect image quality and mimic
infection.

Background
Nuclear medicine imaging tests reflect functional rather than

structural changes and are particularly well suited for diagnosing
complicated osteomyelitis.

Clinical Scenarios and AUC Scores
Clinical scenarios for the diagnosis of complicated peripheral

bone osteomyelitis, including orthopedic hardware infection, along
with final AUC scores, are presented in Table 4.
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Scenario 22: Diagnosis of complicated peripheral bone
osteomyelitis, including orthopedic hardware infection, bone scin-
tigraphy (99mTc-MDP or 99mTc-HDP) (Score 3 – Rarely
Appropriate)

One systematic review included bone scintigraphy for diagnos-
ing complicated peripheral bone osteomyelitis. The level of evi-
dence was fair. Bone scintigraphy was significantly more sensitive
than labeled leukocyte scintigraphy but significantly less sensitive
than 18F-FDG PET and PET/CT. The sensitivity was not signifi-
cantly different from that of combined bone/67Ga scintigraphy and
combined bone/labeled leukocyte scintigraphy. Bone scintigraphy
was significantly less specific than combined bone/67Ga scintigra-
phy, labeled leukocyte scintigraphy, combined bone/labeled leuko-
cyte scintigraphy, and 18F-FDG PET and PET/CT (18).

Scenario 23: Diagnosis of complicated peripheral bone osteomye-
litis, including orthopedic hardware infection, 67Ga scintigraphy
(Score 3 – Rarely Appropriate)

One systematic review addressed the use of 67Ga scintigraphy
for diagnosing complicated peripheral bone osteomyelitis, includ-
ing orthopedic hardware infection. The level of evidence was fair.
The pooled sensitivity was 0.56 (95% CI, 0.26–0.82) and the
pooled specificity was 0.76 (95% CI, 0.49–0.91) (18).

Scenario 24: Diagnosis of complicated peripheral bone osteomye-
litis, including orthopedic hardware infection, combined
bone/67Ga scintigraphy (Score 3 – Rarely Appropriate)

One systematic review addressed combined bone/67Ga scintigra-
phy for diagnosing complicated peripheral bone osteomyelitis,
including orthopedic hardware infection. The level of evidence was
fair. The combined test was as sensitive as, and significantly more
specific than, bone scintigraphy alone. The sensitivity and specific-
ity of combined bone/67Ga scintigraphy did not differ significantly
from those of labeled leukocyte scintigraphy and combined labeled
leukocyte/bone scintigraphy. The test was as specific as, but signifi-
cantly less sensitive than, 18F-FDG PET (18).

Scenario 25: Diagnosis of complicated peripheral bone osteomye-
litis, including orthopedic hardware infection, labeled leukocyte
scintigraphy (Score 5 – May be Appropriate)
One systematic review addressed labeled leukocyte scintigraphy

for diagnosing complicated peripheral bone osteomyelitis, includ-
ing orthopedic hardware infection (18). The level of evidence was
fair. The pooled sensitivity of labeled leukocyte scintigraphy was

not significantly different from that of bone scintigraphy, com-
bined bone/67Ga scintigraphy, and combined labeled leukocyte/
bone scintigraphy, but was significantly lower than that of 18F-
FDG PET. The specificity of labeled leukocyte scintigraphy was
not significantly different from that of combined bone/67Ga scin-
tigraphy or combined labeled leukocyte/bone scintigraphy. The
specificity was significantly higher than that of bone scintigraphy
but was significantly lower than that of 18F-FDG PET.

Scenario 26: Diagnosis of complicated peripheral bone osteomye-
litis, including orthopedic hardware infection, combined labeled
leukocyte/bone scintigraphy (Score 5 – May be Appropriate)

One systematic review addressed combined labeled leukocyte/
bone scintigraphy for diagnosing complicated peripheral bone oste-
omyelitis, including orthopedic hardware infection. The level of
evidence was fair (18). The sensitivity of combined bone/labeled
leukocyte scintigraphy was not significantly different from that of
labeled leukocyte scintigraphy alone, bone scintigraphy alone, and
combined bone/67Ga scintigraphy. The test was significantly more
specific than bone scintigraphy, but not significantly more specific
than labeled leukocyte scintigraphy or combined bone/67Ga scintig-
raphy. Combined bone/labeled leukocyte scintigraphy was signifi-
cantly less sensitive and specific than 18F-FDG PET.

Scenario 27: Diagnosis of complicated peripheral bone osteomye-
litis, including orthopedic hardware infection, combined labeled
leukocyte/bone marrow scintigraphy (Score 8 – Appropriate)

No systematic reviews addressed combined labeled leukocyte/
bone marrow scintigraphy for diagnosing complicated peripheral
bone osteomyelitis, including orthopedic hardware infection. In
one investigation the sensitivity, specificity, and accuracy of com-
bined labeled leukocyte/bone marrow scintigraphy were 100%,
94%, and 96%, respectively (28). In another investigation that
used computerized bone marrow subtraction, the sensitivity, spe-
cificity, and accuracy of combined labeled leukocyte/bone marrow
scintigraphy were 95%, 93%, and 94%, respectively (29).

Scenario 28: Diagnosis of complicated peripheral bone osteomye-
litis, including orthopedic hardware infection, 18F-FDG PET and
PET/CT (Score 8 – Appropriate)

One systematic review addressed 18F-FDG PET for diagnosing
complicated peripheral bone osteomyelitis, including orthopedic
hardware infection (18). The level of evidence was fair. 18F-FDG
PET was significantly more sensitive than bone, combined

TABLE 4
Clinical Scenarios for the Diagnosis of Complicated Peripheral Bone Osteomyelitis, Including Orthopedic Hardware

Infection

Scenario no. Description Appropriateness Score

22 Bone scintigraphy Rarely appropriate 3

23 67Ga scintigraphy Rarely appropriate 3

24 Combined bone/67Ga scintigraphy Rarely appropriate 3

25 Labeled leukocyte scintigraphy May be appropriate 5

26 Combined labeled leukocyte/bone scintigraphy May be appropriate 5

27 Combined labeled leukocyte/bone marrow scintigraphy Appropriate 8

28 18F-FDG PET and PET/CT Appropriate 8
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bone/67Ga, labeled leukocyte, and combined labeled leukocyte/
bone scintigraphy. It was significantly more specific than bone and
leukocyte scintigraphy, but not significantly more specific than
combined bone/67Ga and combined labeled leukocyte/bone
scintigraphy.

SUMMARY OF RECOMMENDATIONS

For the diagnosis of complicated peripheral bone osteomyelitis,
including orthopedic hardware infection, 18F-FDG PET and PET/
CT and combined labeled leukocyte/bone marrow scintigraphy are
the most appropriate nuclear medicine procedures. Labeled leuko-
cyte scintigraphy alone or in combination with bone scintigraphy
can also be used. 67Ga scintigraphy, alone or in combination with
bone scintigraphy, does not offer any advantages over any of the
other techniques. In view of the delay between injection of 67Ga
and imaging, usually 48 h, and the suboptimal imaging character-
istics of this radiopharmaceutical, 67Ga scintigraphy and combined
bone/gallium scintigraphy should not be used for diagnosing com-
plicated peripheral bone osteomyelitis, including orthopedic hard-
ware infection.

DIAGNOSIS OF FOOT OSTEOMYELITIS IN
DIABETIC PATIENTS

Introduction
Diabetic foot infections are defined as infections of the soft tis-

sues or bone below the malleoli in diabetic individuals that usually
occur at sites of skin trauma or ulceration. It is estimated that as of
2014 there were more than 422 million adults with diabetes world-
wide. The incidence of foot ulcers in this population is about
2%–7% per year. Sixty percent of these ulcers become infected
during treatment, and about 20% progress to frank osteomyelitis.
Diabetic foot ulcerations are one of the most common reasons for
hospitalizations and are associated with increased risk of multiple
hospitalizations and amputation. Two thirds of diabetic patients
who have foot infections severe enough to require hospitalization
have underlying osteomyelitis. These patients have worse out-
comes, more surgeries and amputations, longer hospitalizations,
and higher rates of recurrent infection and readmission for infec-
tion than do patients with soft-tissue infection alone. The impor-
tance of a prompt, accurate diagnosis and the institution of
appropriate treatment cannot be overemphasized (30,31).

Background
Diagnosing osteomyelitis underlying a diabetic foot ulcer is

challenging because there is no single noninvasive test that is both

sensitive and specific. Diabetic patients can have a significant foot
infection but lack pain and not mount a systemic inflammatory
response, and the diagnosis is often overlooked. Laboratory tests
are variable and often nonspecific. Further complicating matters is
the neuropathic, or Charcot, joint. Although infection is a rela-
tively uncommon complication of the neuropathic joint, differenti-
ating between the two, or diagnosing infection superimposed on
the neuropathic joint, can be difficult (31).

Clinical Scenarios and AUC Scores
Clinical scenarios for the diagnosis of foot osteomyelitis in dia-

betic patients, along with final AUC scores, are presented in
Table 5.

Scenario 29: Diagnosis of foot osteomyelitis in diabetic patients,
bone scintigraphy (99mTc-MDP or 99mTc-HDP) (Score 2 – Rarely
Appropriate)

One systematic review focused on the accuracy of bone scintigra-
phy for the diagnosis of diabetic foot osteomyelitis (32). The level
of evidence was fair. None of the studies included SPECT or
SPECT/CT. The review found a pooled sensitivity of 0.81 (95% CI,
0.73–0.87) and a pooled specificity of 0.28 (95% CI, 0.17–0.42). In
comparison, in the same review, the pooled sensitivity of 111In-
labeled leukocyte scintigraphy was 0.74 (95% CI, 0.67–0.80) and
the pooled specificity was 0.68 (95% CI, 0.57–0.78).

Scenario 30: Diagnosis of foot osteomyelitis in diabetic patients,
67Ga scintigraphy (Score 2 – Rarely Appropriate)

No systematic reviews addressed the role of 67Ga scintigraphy
for the diagnosis of diabetic foot osteomyelitis. In an investigation
of 22 diabetic patients, the sensitivity, specificity, and accuracy of
planar imaging were 100%, 40%, and 73%, respectively. 67Ga
scintigraphy was more accurate than 3-phase bone scintigraphy
(59%), but less accurate than 111In-labeled leukocyte scintigraphy
(86%) and combined bone/labeled leukocyte scintigraphy (91%)
(33). In another investigation the sensitivity and specificity of
67Ga SPECT/CT for diagnosing diabetic foot osteomyelitis were
100% and 45%, respectively (34).

Scenario 31: Diagnosis of foot osteomyelitis in diabetic patients,
combined bone/67Ga scintigraphy (Score 2 – Rarely Appropriate)

No systematic reviews addressed the role of combined
bone/67Ga scintigraphy for the diagnosis of diabetic foot osteomy-
elitis. In one investigation of 22 diabetic patients, the sensitivity,
specificity, and accuracy of planar combined bone/67Ga scintigra-
phy were 100%, 40%, and 73%, respectively, identical to that of

TABLE 5
Clinical Scenarios for the Diagnosis of Foot Osteomyelitis in Diabetic Patients

Scenario no. Description Appropriateness Score

29 Bone scintigraphy Rarely appropriate 2

30 67Ga scintigraphy Rarely appropriate 2

31 Combined bone/67Ga scintigraphy Rarely appropriate 2

32 Labeled leukocyte scintigraphy Appropriate 8

33 Combined labeled leukocyte/bone scintigraphy Appropriate 8

34 Combined labeled leukocyte/bone marrow scintigraphy Appropriate 8

35 18F-FDG PET and PET/CT Appropriate 8
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67Ga scintigraphy alone. Combined bone/67Ga scintigraphy, how-
ever, was less accurate than 111In-labeled leukocyte scintigraphy
(86%) and combined bone/labeled leukocyte scintigraphy (91%)
(33). In another investigation (n 5 31), the sensitivity and specific-
ity of combined bone/67Ga scintigraphy were 44% and 77%,
respectively (35).

Scenario 32: Diagnosis of foot osteomyelitis in diabetic patients,
labeled leukocyte scintigraphy (Score 8 – Appropriate)

Two systematic reviews addressed the role of labeled leukocyte
scintigraphy for the diagnosis of diabetic foot osteomyelitis. The
level of evidence was fair for both. One systematic review
included 6 studies, all of which were performed with 111In-labeled
leukocytes. None of the studies evaluated SPECT or SPECT/CT.
The test had a pooled sensitivity of 0.74 (95% CI, 0.67–0.80) and
a pooled specificity of 0.68 (95% CI, 0.57–0.78) for diagnosing
diabetic foot osteomyelitis (32).
In the second systematic review, the pooled sensitivity of

99mTc-hexamethylpropylene amine oxime (HMPAO)–labeled leu-
kocyte scintigraphy (91%) was similar to that of 111In-labeled leu-
kocyte scintigraphy (92%), but the pooled specificity was higher
(92% vs. 75%). Four studies performed with 99mTc-HMPAO–la-
beled leukocytes evaluated scintigraphy with SPECT or SPECT/
CT. In these studies, the sensitivity ranged from 0.88 to 1.00 and
the specificity from 0.35 to 1.00 (36). In an investigation of 213
111In-labeled leukocyte SPECT/CT studies, the sensitivity was
87% and the specificity was 68% (37).

Scenario 33: Diagnosis of foot osteomyelitis in diabetic patients,
combined labeled leukocyte/bone scintigraphy (Score 8 –
Appropriate)

Combined labeled leukocyte/bone imaging was not addressed in
the systematic reviews. In a prospective investigation that used
111In-labeled leukocytes, the sensitivity, specificity, and accuracy
of combined bone/labeled leukocyte scintigraphy were 100%,
80%, and 91%, respectively. The combined test was more accurate
than 3-phase bone scintigraphy (59%), 67Ga scintigraphy (73%),
combined bone/67Ga scintigraphy (73%), and labeled leukocyte
scintigraphy (86%) (33).
In a prospective investigation that used 99mTc-labeled leuko-

cytes without SPECT or SPECT/CT, the sensitivity of combined
labeled leukocyte/bone scintigraphy was 88% (23/26) and the spe-
cificity was 97% (29/30). The results of the combined test were
not compared with labeled leukocyte scintigraphy alone (38).
In another prospective investigation that used 99mTc-labeled leu-

kocytes, the sensitivity of combined labeled leukocyte/bone scin-
tigraphy was 93% (38/41) and the specificity was 98% (41/42).
The results of the combined study were not compared with labeled
leukocyte imaging alone (39).
One retrospective investigation that used 111In-labeled leuko-

cytes evaluated combined bone/labeled leukocyte SPECT/CT for
diagnosing diabetic foot osteomyelitis. The sensitivities of bone
SPECT/CT, labeled leukocyte SPECT/CT, and dual-isotope
SPECT/CT were similar at 94%, 87%, and 95%, respectively. The
specificity of dual-isotope SPECT/CT (94%) was significantly
higher than that of bone SPECT/CT (47%) and labeled leukocyte
SPECT/CT (68%) individually (37).

Scenario 34: Diagnosis of foot osteomyelitis in diabetic patients,
combined labeled leukocyte/bone marrow scintigraphy (Score 8 –
Appropriate)

There were no data in the systematic reviews on the role of
combined labeled leukocyte/bone marrow scintigraphy for diag-
nosing diabetic foot osteomyelitis. Two publications evaluated the
role of the combined test in diabetic patients with a neuropathic
joint, both using 111In-labeled leukocytes. In one investigation,
only planar imaging was performed. The test was 95% accurate
(40). In the second investigation, SPECT/CT was performed and
the accuracy was 96% (37).

Scenario 35: Diagnosis of foot osteomyelitis in diabetic patients,
18F-FDG PET and PET/CT (Score 8 – Appropriate)

Two systematic reviews evaluated the accuracy of 18F-FDG
PET and PET/CT for the diagnosis of osteomyelitis involving dia-
betic foot ulcers. The level of evidence was fair. One systematic
review included 4 studies with 178 cases, 2 performed with PET
and 2 with PET/CT. The pooled sensitivity was 74% (95% CI,
0.60–0.85) and the pooled specificity was 91% (95% CI,
0.85–0.96) (41).
In the second systematic review, PET alone was used in 4 stud-

ies and PET/CT in 2. The pooled sensitivity was 89% and the
pooled specificity was 92% (95% CI, 0.85–0.96). In the 2 studies
that used PET/CT, the sensitivity was 81% and 88% and the spe-
cificity was 93% and 97%, similar to the overall pooled results.
The pooled sensitivity and specificity of 111In-labeled leukocyte
scintigraphy were 92% and 75%, respectively. The pooled sensi-
tivity and specificity of 99mTc-labeled leukocyte scintigraphy were
91% and 92%, respectively (36).

SUMMARY OF RECOMMENDATIONS

Labeled leukocyte scintigraphy, alone or in combination with
bone scintigraphy, and 18F-FDG PET and PET/CT are the most
appropriate nuclear medicine imaging tests for diagnosing diabetic
foot osteomyelitis. Combined labeled leukocyte/marrow scintigra-
phy accurately diagnoses osteomyelitis in the presence of the neu-
ropathic joint and is appropriate for this indication. Labeled
leukocyte scintigraphy and 18F-FDG PET/CT are superior to bone
and 67Ga scintigraphy, alone and in combination, and therefore the
latter 2 studies should not be used for diagnosing diabetic foot
osteomyelitis.

DIAGNOSIS OF PJI OF THE HIP AND KNEE

Introduction
The prevalence of PJI up to 2 y following hip replacement is

1.63% and following knee replacement is 1.55%. Both procedures
have a prevalence greater than 2% at 10 y (42,43). Both the inci-
dence and the prevalence of PJI are increasing due to increased
use of the procedure and increased life expectancy of patients
(44). Diagnosing PJI and differentiating it from other causes of
prosthetic joint failure is extremely important because although
many causes of prosthetic failure can be treated with single-stage
exchange arthroplasty during one hospital admission with one sur-
gical intervention, the treatment of PJI usually requires longer and
more complicated procedures. An excisional arthroplasty is per-
formed followed by weeks to months of antibiotic treatment and
eventually a revision arthroplasty. A sensitive but nonspecific test
can lead to multiple costly operations when a single intervention
would have sufficed. A specific, but insensitive, test will result in
additional surgical interventions because undiagnosed infection
will cause any revision implant to fail with potentially serious con-
sequences (45).

APPROPRIATE USE CRITERIA � Palestro et al. 1825



Background
Pain is usually present. Fever is variable, with the incidence

ranging from less than 5% to more than 40% of patients. Leukocy-
tosis is a poor predictor of infection. After primary uncomplicated
arthroplasty, the C-reactive protein level remains elevated for up to
3 wk, and the erythrocyte sedimentation rate can remain elevated
for up to 1 y. Joint aspiration with culture, the definitive preopera-
tive diagnostic procedure, is specific but its sensitivity is variable.
Over the years, several nuclear medicine imaging studies, including
bone, 67Ga, labeled leukocyte, and, more recently, 18F-FDG, have
been used to improve the preoperative diagnosis of PJI (2,45).

Clinical Scenarios and AUC Scores
Clinical scenarios for the diagnosis of PJI of the hip and knee,

along with final AUC scores, are presented in Table 6.

Scenario 36: Diagnosis of PJI of the hip, bone scintigraphy
(99mTc-MDP or 99mTc-HDP) (Score 4 – May be Appropriate)

One systematic review focused on bone scintigraphy for diag-
nosing PJI of the hip (46). The level of evidence was fair. The
pooled sensitivity was 80% (95% CI, 0.72–0.86) and the pooled
specificity was 69% (95% CI, 0.64–0.73). None of the studies
included in the review evaluated SPECT or SPECT/CT. Bone
scintigraphy was less sensitive than labeled leukocyte scintigraphy
(88%) and 18F-FDG PET (86%), but more sensitive than com-
bined labeled leukocyte/marrow scintigraphy (69%). Bone scintig-
raphy was less specific than labeled leukocyte scintigraphy (92%),
combined labeled leukocyte/bone marrow scintigraphy (96%), and
18F-FDG-PET (93%).

Scenario 37: Diagnosis of PJI of the hip, 67Ga scintigraphy (Score
2 – Rarely Appropriate)

There were no systematic reviews on the role of 67Ga scintigra-
phy for diagnosing PJI of the hip. The sensitivity and specificity of
67Ga scintigraphy for PJI of the hip range from 37% to 83% and

from 77% to 100%, respectively (47). The most recent data on
67Ga scintigraphy for diagnosing PJI of the hip are more than 25 y
old, as this test has been replaced by combined labeled leukocyte/
bone marrow and 18F-FDG PET and PET/CT. It is the expert
opinion of the workgroup that 67Ga scintigraphy should not be
used for diagnosing PJI of the hip.

Scenario 38: Diagnosis of PJI of the hip, combined bone/67Ga
scintigraphy (Score 2 – Rarely Appropriate)

One systematic review evaluated the accuracy of combined
bone/67Ga scintigraphy for the diagnosis of PJI of the hip (46).
None of the studies in this review included SPECT or SPECT/CT.
The pooled sensitivity was 59% (95% CI, 0.42–0.74) and the
pooled specificity was 97% (95% CI, 0.91–0.99). The combined
test was significantly more specific (P , 0.0001) but significantly
less sensitive (P 5 0.013) than bone scintigraphy alone. It is the
expert opinion of the workgroup that combined bone/67Ga scintig-
raphy should not be used for diagnosing PJI of the hip.

Scenario 39: Diagnosis of PJI of the hip, labeled leukocyte scintig-
raphy (Score 7 – Appropriate)

One systematic review addressed the diagnosis of PJI of the hip
with labeled leukocyte scintigraphy (46). The level of evidence
was fair. The pooled sensitivity of labeled leukocyte scintigraphy
was 88% and the pooled specificity was 85%. Labeled leukocyte
scintigraphy was more sensitive (88% vs. 80%) and significantly
more specific (P , 0.0001) (85% vs. 69%) than bone
scintigraphy.

Scenario 40: Diagnosis of PJI of the hip, combined labeled leuko-
cyte/bone scintigraphy (Score 7 – Appropriate)

One systematic review addressed the diagnosis of PJI of the hip
with combined labeled leukocyte/bone scintigraphy (46). The level
of evidence was fair. The pooled sensitivity of combined labeled
leukocyte/bone scintigraphy was 77% and the pooled specificity

TABLE 6
Clinical Scenarios for the Diagnosis of PJI of the Hip and Knee

Scenario no. Description Appropriateness Score

Hip

36 Bone scintigraphy (99mTc-MDP or 99mTc-HDP) May be appropriate 4

37 67Ga scintigraphy Rarely appropriate 2

38 Combined bone/67Ga scintigraphy Rarely appropriate 2

39 Labeled leukocyte scintigraphy Appropriate 7

40 Combined labeled leukocyte/bone scintigraphy Appropriate 7

41 Combined labeled leukocyte/bone marrow scintigraphy Appropriate 7

42 18F-FDG PET and PET/CT Appropriate 7

Knee

43 Bone scintigraphy (99mTc-MDP or 99mTc-HDP) May be appropriate 4

44 67Ga scintigraphy Rarely appropriate 2

45 Combined bone/67Ga scintigraphy Rarely appropriate 2

46 Labeled leukocyte scintigraphy May be appropriate 6

47 Combined labeled leukocyte/bone scintigraphy Appropriate 8

48 Combined labeled leukocyte/bone marrow scintigraphy Appropriate 8

49 18F-FDG PET and PET/CT May be appropriate 6
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was 95%, values that were not significantly different from those of
labeled leukocyte scintigraphy alone.

Scenario 41: Diagnosis of PJI of the hip, combined labeled leuko-
cyte/bone marrow scintigraphy (Score 7 – Appropriate)

One systematic review addressed the diagnosis of PJI of the hip
with combined labeled leukocyte/bone marrow scintigraphy (46).
The level of evidence was fair. The pooled sensitivity was 69%
and the pooled specificity was 96%. The test was significantly less
sensitive than labeled leukocyte scintigraphy alone (P , 0.0001).
The test was more specific than labeled leukocyte scintigraphy
alone, but the difference was not significant.

Scenario 42: Diagnosis of PJI of the hip, 18F-FDG PET and PET/
CT (Score 7 – Appropriate)

Three systematic reviews addressed the role of 18F-FDG PET
for diagnosing PJI of the hip (46,48,49). The level of evidence
was fair for all 3. In one review, the pooled sensitivity and the
pooled specificity were 86% and 93%, respectively. 18F-FDG-PET
was significantly more specific than bone scintigraphy and signifi-
cantly more sensitive than combined labeled leukocyte/bone mar-
row scintigraphy. There was no significant difference in sensitivity
or specificity between 18F-FDG-PET and labeled leukocyte scin-
tigraphy alone (46). In the second review, the pooled sensitivity
and the pooled specificity of 18F-FDG-PET were both 88% (48).
In the third review, the pooled sensitivity and the pooled specific-
ity of 18F-FDG-PET were 83% and 90%, respectively (49).
The following clinical scenarios address the diagnosis of PJI of

the knee.

Scenario 43: Diagnosis of PJI of the knee, bone scintigraphy
(99mTc-MDP or 99mTc-HDP) (Score 4 – May be Appropriate)

One systematic review evaluated bone scintigraphy for diagnos-
ing PJI of the knee (50). The level of evidence was fair. The
pooled sensitivity of bone scintigraphy was 93% and the pooled
specificity was 56%. The specificity was less than that of labeled
leukocyte scintigraphy (77%), combined labeled leukocyte/bone
marrow scintigraphy (95%), and 18F-FDG (84%).

Scenario 44: Diagnosis of PJI of the knee, 67Ga scintigraphy
(Score 2 – Rarely Appropriate)

No systematic reviews addressed the role of 67Ga scintigraphy
for the diagnosis of PJI of the knee, and there are no data on this
topic published within the past 25 y. This test has been replaced
by combined labeled leukocyte/marrow and 18F-FDG PET and
PET/CT. It is the expert opinion of the workgroup that 67Ga scin-
tigraphy should not be used for diagnosing PJI of the knee.

Scenario 45: Diagnosis of PJI of the knee, combined bone/67Ga
scintigraphy (Score 2 – Rarely Appropriate)

No systematic reviews addressed the role of combined
bone/67Ga scintigraphy for the diagnosis of PJI of the knee. Pub-
lished data on combined bone/67Ga scintigraphy for PJI are more
than 25 y old. This test has been replaced by combined
labeled leukocyte/bone marrow scintigraphy and 18F-FDG PET
and PET/CT. It is the expert opinion of the workgroup that com-
bined bone/67Ga scintigraphy should not be used for diagnosing
PJI of the knee.

Scenario 46: Diagnosis of PJI of the knee, labeled leukocyte scin-
tigraphy (Score 6 – May be Appropriate)

One systematic review included labeled leukocyte scintigraphy
for diagnosing PJI of the knee (50). The level of evidence was
fair. The pooled sensitivity was 88% and the pooled specificity
was 77%. Labeled leukocyte scintigraphy was significantly more
sensitive (P 5 0.01) than 18F-FDG PET (70%), but was not signif-
icantly more sensitive than bone scintigraphy (93%), combined
labeled leukocyte/bone scintigraphy (93%), and combined labeled
leukocyte/bone marrow scintigraphy (80%).

Scenario 47: Diagnosis of PJI of the knee, combined labeled leu-
kocyte/bone scintigraphy (Score 8 – Appropriate)

One systematic review included the diagnosis of PJI of the knee
by using combined labeled leukocyte/bone scintigraphy (50). The
pooled sensitivity was 93% and the pooled specificity was 82%.
These values were not significantly different from the sensitivity
and specificity of labeled leukocyte scintigraphy alone, which
were 88% and 77%, respectively.

Scenario 48: Diagnosis of PJI of the knee, combined labeled leu-
kocyte/bone marrow scintigraphy (Score 8 – Appropriate)

One systematic review addressed the role of combined labeled
leukocyte/bone marrow scintigraphy for diagnosing PJI of the
knee (50). The level of evidence was fair. The pooled sensitivity
was 80% and the pooled specificity was 93%. Combined labeled
leukocyte/bone marrow scintigraphy was significantly more spe-
cific than bone scintigraphy (P , 0.001), leukocyte scintigraphy
(P , 0.001), and 18F-FDG PET (P , 0.001). There were no sig-
nificant differences in specificity between combined labeled leuko-
cyte/bone marrow scintigraphy and combined labeled leukocyte/
bone scintigraphy. There were no significant differences in sensi-
tivity among combined labeled leukocyte/bone marrow, combined
labeled leukocyte/bone, labeled leukocyte scintigraphy, and
18F-FDG PET.

Scenario 49: Diagnosis of PJI of the knee, 18F-FDG PET and
PET/CT (Score 6 – May be Appropriate)

Three systematic reviews analyzed the diagnosis of PJI of the
knee with 18F-FDG PET and PET/CT (48–50). The level of evi-
dence was fair in all 3. In one review, the pooled sensitivity was
72% (95% CI, 0.58–0.84) and the pooled specificity was 80%
(95% CI, 0.71–0.88) (48). In the second review, the pooled sensi-
tivity was 90% and the pooled specificity was 75% (49). In the
third review, the pooled sensitivity was 70% (95% CI, 0.56–0.81)
and the pooled specificity was 84% (95% CI, 0.76–0.90) (50).

SUMMARY OF RECOMMENDATIONS

Combined leukocyte/bone scintigraphy, combined leukocyte/
bone marrow scintigraphy, and 18F-FDG PET and PET/CT are the
most appropriate procedures for diagnosing PJI of the hip and
knee. 18F-FDG PET and PET/CT are the most sensitive, and com-
bined leukocyte/bone marrow scintigraphy is the most specific of
the tests. Bone scintigraphy may be useful as a screening test. 67Ga
scintigraphy and combined bone/67Ga scintigraphy have been
replaced by labeled leukocyte scintigraphy and 18F-FDG PET PET/
CT and should not be used for diagnosing PJI of the hip and knee.

DIAGNOSIS OF PJI OF THE SHOULDER

Introduction
Shoulder joint replacement was first performed in the United

States in the 1950s to treat severe shoulder fractures, and over the
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years this procedure has come to be useful for a variety of painful
shoulder conditions (51). Postoperative complications develop in
nearly 25% of shoulder arthroplasties, about half of which require
revision surgery. The standard diagnostic evaluation consists of
history, physical examination, and laboratory tests, including white
blood cell count, C-reactive protein level, and erythrocyte sedi-
mentation rate. Imaging tests typically include plain radiographs,
CT, and ultrasonography (52).

Background
PJI is a serious complication of shoulder arthroplasty, with a

reported incidence between 1% and 10%. Risk factors include
rheumatoid arthritis, previous shoulder surgery, diabetes, and
immunosuppression. These infections are classified as early (#3
mo), delayed (3–24 mo), and late (,24 mo) and can be further
classified on the basis of duration of symptoms as acute (,6 wk)
or chronic (.6 wk). Acute infection typically presents as septic
arthritis with erythema, swelling, pain, and abnormal laboratory
test results and is readily diagnosed. The diagnosis of chronic
infection is more challenging. Definitive diagnosis is made via
arthrocentesis (52). Data on nuclear medicine imaging in the
workup of complications of shoulder arthroplasty are limited.

Clinical Scenarios and AUC Scores
Clinical scenarios for the diagnosis of PJI of the shoulder, along

with final AUC scores, are presented in Table 7.

Scenario 50: Diagnosis of PJI of the shoulder, bone scintigraphy
(99mTc-MDP or 99mTc-HDP) (Score 4 – May be Appropriate)

The role of bone scintigraphy for diagnosing PJI of the shoulder
was not addressed in the systematic reviews. The evolution of
periprosthetic uptake around the various types of shoulder arthro-
plasties has not been well established. Bone scintigraphy with
SPECT/CT provides information about different types of mechani-
cal complications of shoulder arthroplasty (53). There are no data
on the role of bone scintigraphy for diagnosing PJI of the shoulder.
It is the expert opinion of the workgroup that, based on the high
sensitivity of bone scintigraphy in general, this test may be a good
“rule-out” test; that is, a negative result excludes infection with a
high degree of certainty.

Scenario 51: Diagnosis of PJI of the shoulder, 67Ga scintigraphy
(Score 2 – Rarely Appropriate)

There are no systematic reviews on the role of 67Ga scintigra-
phy for diagnosing PJI of the shoulder. The most recent data on
67Ga scintigraphy for diagnosing PJIs, which are more than 25 y

old, are limited to lower extremity arthroplasties. This test has
been largely replaced by combined labeled leukocyte/bone marrow
scintigraphy and 18F-FDG PET and PET/CT and it is the expert
opinion of the workgroup that 67Ga scintigraphy should not be
used for diagnosing PJI of the shoulder.

Scenario 52: Diagnosis of PJI of the shoulder, combined
bone/67Ga scintigraphy (Score 2 – Rarely Appropriate)

No systematic reviews addressed the role of combined
bone/67Ga scintigraphy for diagnosing PJI of the shoulder. Few, if
any, studies have been published on combined bone/67Ga scintig-
raphy over the past 25 y, none of which address its role in diag-
nosing PJI of the shoulder. Combined bone/67Ga scintigraphy has
largely been replaced by combined labeled leukocyte/bone marrow
scintigraphy and 18F-FDG PET and PET/CT and it is the expert
opinion of the workgroup that combined bone/67Ga scintigraphy
should not be used for diagnosing PJI of the shoulder.

Scenario 53: Diagnosis of PJI of the shoulder, labeled leukocyte
scintigraphy (Score 5 – May be Appropriate)

No systematic reviews addressed the role of labeled leukocyte
scintigraphy for diagnosing PJI of the shoulder. In one small
series, 99mTc-labeled leukocyte scintigraphy with SPECT/CT con-
firmed the presence of periprosthetic infection and involvement of
soft tissues of the arm and of ipsilateral axillary lymph nodes (51).
It is the expert opinion of the workgroup that labeled leukocyte
scintigraphy may be useful for diagnosing PJI of the shoulder.

Scenario 54: Diagnosis of PJI of the shoulder, combined labeled
leukocyte/bone scintigraphy (Score 5 – May be Appropriate)

No systematic reviews addressed the role of combined labeled
leukocyte/bone scintigraphy for diagnosing periprosthetic shoulder
infection. In one investigation, as part of a larger series, combined
labeled leukocyte/bone scintigraphy was useful for diagnosing PJI
of the shoulder (54). It is the expert opinion of the workgroup that
combined labeled leukocyte/bone scintigraphy may be useful for
diagnosing PJI of the shoulder.

Scenario 55: Diagnosis of PJI of the shoulder, combined labeled
leukocyte/bone marrow scintigraphy (Score 5 – May be
Appropriate)

No systematic reviews addressed the role of combined labeled
leukocyte/bone marrow scintigraphy for diagnosing PJI of the
shoulder. In one investigation combined labeled leukocyte/bone
marrow scintigraphy with SPECT/CT was 18% sensitive (2/11)

TABLE 7
Clinical Scenarios for the Diagnosis of PJI of the Shoulder

Scenario no. Description Appropriateness Score

50 Bone scintigraphy (99mTc-MDP or 99mTc-HDP) May be appropriate 4

51 67Ga scintigraphy Rarely appropriate 2

52 Combined bone/67Ga scintigraphy Rarely appropriate 2

53 Labeled leukocyte scintigraphy May be appropriate 5

54 Combined labeled leukocyte/bone scintigraphy May be appropriate 5

55 Combined labeled leukocyte/bone marrow scintigraphy May be appropriate 5

56 18F-FDG PET and PET/CT May be appropriate 5
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and 100% specific (18/18) for PJI of the shoulder (55). It is the
expert opinion of the workgroup that combined labeled leukocyte/
bone marrow scintigraphy with SPECT/CT may be useful in the
diagnostic workup of PJI of the shoulder. Although a negative
result does not exclude infection, a positive result makes it likely
that infection is present.

Scenario 56: Diagnosis of PJI of the shoulder, 18F-FDG PET and
PET/CT (Score 5 – May be Appropriate)

No systematic reviews addressed the role of 18F-FDG PET and
PET/CT for diagnosing PJI of the shoulder. In an investigation of
86 patients with suspected chronic PJI of the shoulder, the sensitiv-
ity and specificity of 18F-FDG PET/CT were 14% (3/22) and 91%
(58/64), respectively (56). It is the expert opinion of the workgroup
that 18F-FDG PET/CT may be useful in the diagnostic workup of
PJI of the shoulder. Although a negative result does not exclude
infection, a positive result makes it likely that infection is present.

SUMMARY OF RECOMMENDATIONS

There are few data on nuclear medicine imaging of PJI of the
shoulder. Because of its high sensitivity, bone scintigraphy may be
useful for excluding infection. Labeled leukocyte imaging may be
helpful for identifying infection in the surrounding soft tissues.
Combined labeled leukocyte/bone scintigraphy may be useful in
the diagnosis of PJI of the shoulder. Combined labeled leukocyte/
bone marrow scintigraphy and 18F-FDG PET and PET/CT are
especially useful when abnormal, as they have a high positive pre-
dictive value. 67Ga scintigraphy and combined bone/67Ga scintig-
raphy have largely been replaced by combined labeled leukocyte/
bone marrow imaging and 18F-FDG PET and PET/CT for PJI in
general and it is the expert opinion of the workgroup that they
should not be used for diagnosing PJI of the shoulder.

DIAGNOSIS OF SEPTIC ARTHRITIS

Introduction
Septic arthritis is the invasion of a joint and synovial fluid by an

infectious agent. It has an annual incidence of 10/100,000 individ-
uals in the United States and is more common among individuals
with rheumatoid arthritis or a prosthetic joint, factors that can
increase the incidence up to 7 fold. Patients with diabetes mellitus
and HIV also are at increased risk for septic arthritis (57,58). Sep-
tic arthritis can involve multiple joints, causing rapid joint destruc-
tion. It is a medical and surgical emergency that affects both the
early and the chronic functional prognosis of the involved joint, in
addition to overall patient prognosis. In patients with high clinical

suspicion of septic arthritis, prompt diagnosis to facilitate appro-
priate antibiotic management is essential, since cartilage can be
destroyed within days, and in-hospital mortality of untreated infec-
tions can be as high as 15% (59).

Background
The typical presentation of septic arthritis is that of pain involv-

ing a single joint, combined with erythema, soft-tissue swelling,
and diminished range of motion. Fever, chills, general weakness,
and headaches are often present (60). The diagnosis of septic
arthritis is challenging. Noninfectious arthritis and infectious (sep-
tic) arthritis can have identical or very similar clinical presenta-
tions. Acute monoarticular arthritis in adults has multiple potential
causes, including infection, crystalloid arthropathies, rheumatoid
arthritis, connective tissue disease, inflammatory bowel disease,
sarcoidosis, lupus, vasculitis, and trauma (60,61). Clinical evalua-
tion and aspiration of joint fluid are key to diagnosis. The refer-
ence standard for the diagnosis of septic arthritis is a positive
culture result from joint aspirate samples. However, a negative
culture result does not exclude the diagnosis, especially if the
patient is already receiving antibiotic therapy (62,63).

Clinical Scenarios and AUC Scores
Clinical scenarios for the diagnosis of septic arthritis, along

with final AUC scores, are presented in Table 8.

Scenario 57: Diagnosis of septic arthritis, bone scintigraphy
(99mTc-MDP or 99mTc-HDP) (Score 4 – May be Appropriate)

There are no systematic reviews on the role of bone scintigraphy
in the diagnosis of septic arthritis. In one of the earliest investiga-
tions, bone scintigraphy correctly identified all 6 cases of septic
arthritis (64). In an investigation of 21 suspected sites of septic
arthritis, bone scintigraphy correctly identified all 10 sites of septic
arthritis (100% sensitivity) and the results were true-negative in 6
of 7 uninfected joints (85% specificity) (65). In another study of 15
patients, however, bone scintigraphy could not reliably differentiate
septic from rheumatoid arthritis (66). It is the expert opinion of the
workgroup that although bone scintigraphy is not specific, it is a
sensitive modality and thus of value as a “rule-out” test.

Scenario 58: Diagnosis of septic arthritis, 67Ga scintigraphy (Score
2 – Rarely Appropriate)

There are no systematic reviews on the role of 67Ga scintigra-
phy in the diagnosis of septic arthritis and there are no recent data
on its role for this indication. In one investigation, 67Ga scintigra-
phy gave positive results in all 6 cases of septic arthritis (63). In

TABLE 8
Clinical Scenarios for the Diagnosis of Septic Arthritis

Scenario no. Description Appropriateness Score

57 Bone scintigraphy (99mTc-MDP or 99mTc-HDP) May be appropriate 4

58 67Ga scintigraphy Rarely appropriate 2

59 Combined bone/67Ga scintigraphy Rarely appropriate 2

60 Labeled leukocyte scintigraphy May be appropriate 6

61 Combined labeled leukocyte/bone scintigraphy May be appropriate 6

62 Combined labeled leukocyte/bone marrow scintigraphy May be appropriate 6

63 18F-FDG PET and PET/CT May be appropriate 6
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another study, the investigators found that it was not possible to
distinguish septic from rheumatoid arthritis (66). 67Ga scintigraphy
has been replaced by labeled leukocyte scintigraphy and 18F-FDG
PET and PET/CT for most indications in musculoskeletal infec-
tion. It is the expert opinion of the workgroup that this agent
should not be used for diagnosing septic arthritis.

Scenario 59: Diagnosis of septic arthritis, combined bone/67Ga
scintigraphy (Score 2 – Rarely Appropriate)

There are no systematic reviews on the role of combined
bone/67Ga scintigraphy for the diagnosis of septic arthritis. Avail-
able data suggest that it is not possible to differentiate between
septic and inflammatory arthritis with combined bone/67Ga imag-
ing (66). It is the expert onion of the workgroup that this test
should not be used for diagnosing septic arthritis.

Scenario 60: Diagnosis of septic arthritis, labeled leukocyte scin-
tigraphy (Score 6 – May be Appropriate)

There are no systematic reviews on the role of labeled leukocyte
scintigraphy for the diagnosis of septic arthritis. In one investiga-
tion the test was 80% sensitive and 83% specific (67). Labeled
leukocytes also accumulate in inflammatory arthritis (68). Data
comparing labeled leukocyte scintigraphy in septic and inflamma-
tory arthritis are lacking. It is the expert opinion of the workgroup
that labeled leukocyte scintigraphy may not be able to differentiate
between septic and inflammatory arthritis.

Scenario 61: Diagnosis of septic arthritis, combined labeled leuko-
cyte/bone scintigraphy (Score 6 – May be Appropriate)

There are no systematic reviews on the role of combined labeled
leukocyte/bone scintigraphy for the diagnosis of septic arthritis.
This test is performed to diagnose osteomyelitis, not septic arthri-
tis. In view of the lack of data for diagnosing septic arthritis, and
because it may not be possible to differentiate between infectious
and inflammatory arthritis with either of these agents individually,
it is the expert opinion of the workgroup that combined labeled
leukocyte/bone scintigraphy should be reserved for situations in
which osteomyelitis is a diagnostic consideration.

Scenario 62: Diagnosis of septic arthritis, combined labeled leuko-
cyte/bone marrow scintigraphy (Score 6 – May be Appropriate)

There are no systematic reviews on the role of combined labeled
leukocyte/marrow scintigraphy for diagnosing septic arthritis. This
test is performed to diagnose osteomyelitis, not septic arthritis. It
is the expert opinion of the workgroup that combined labeled leu-
kocyte/bone marrow scintigraphy should be reserved for those sit-
uations in which osteomyelitis is a diagnostic consideration.

Scenario 63: Diagnosis of septic arthritis, 18F-FDG PET and PET/
CT (Score 6 – May be Appropriate)

There are no systematic reviews on the role of 18F-FDG PET
and PET/CT for the diagnosis of septic arthritis and there are few
data on its use for diagnosing septic arthritis. 18F-FDG accumu-
lates in a variety of inflammatory arthridities, including rheuma-
toid arthritis, psoriatic arthritis, and ankylosing spondylitis, and
therefore it may not be possible to differentiate septic from inflam-
matory arthritis (69). Given the high sensitivity of 18F-FDG PET
and PET/CT for inflammation and infection in general, it is the
expert opinion of the workgroup that a negative 18F-FDG PET and
PET/CT result may be useful for excluding septic arthritis.

SUMMARY OF RECOMMENDATIONS

Because of their high sensitivity, bone scintigraphy and 18F-
FDG PET and PET/CT are useful rule-out tests for septic arthritis.
Labeled leukocyte scintigraphy alone and in combination with
bone or bone marrow scintigraphy may be helpful when the results
of these tests are inconclusive and when osteomyelitis is a diag-
nostic consideration. 67Ga alone and in combination with bone
scintigraphy should not be used for diagnosing septic arthritis.
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