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ACR Appropriateness Criteria® on
Suspected Osteomyelitis in Patients

With Diabetes Mellitus
Mark E. Schweitzer, MDa, Richard H. Daffner, MDb, Barbara N. Weissman, MDc,

D. Lee Bennett, MDd, Judy S. Blebea, MDe, Jon A. Jacobson, MDf,
William B. Morrison, MDg, Charles S. Resnik, MDh, Catherine C. Roberts, MDi,

David A. Rubin, MDj, Leanne L. Seeger, MDk, Mihra Taljanovic, MDl,
James N. Wise, MDm, William K. Payne, MDn

Imaging of the diabetic foot is among the most challenging areas of radiology. The authors present a consensus of the
suggested tests in several clinical scenarios, such as early neuropathy, soft-tissue swelling, skin ulcer, and suspected
osteomyelitis. In most of these situations, magnetic resonance imaging (MRI) with or without contrast is the
examination of choice. Most other imaging tests have complementary roles. For soft-tissue swelling or an ulcer,
radiography and MRI with or without contrast are suggested. Bone scintigraphy with white blood cell scanning is
used when MRI is contraindicated. In patients with diabetes without ulcers, radiography and MRI with or without
contrast are suggested; bone scanning may be used when MRI is contraindicated.

Key Words: Appropriateness criteria, infection, diabetes mellitus, osteomyelitis, neuroarthropathy, diagnos-
tic imaging
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UMMARY OF LITERATURE REVIEW

ver the past 50 years, much has been written about the
iabetic foot with little consensus as to whether, when,
nd what imaging is appropriate. In this overview, we
ummarize some of the work and draw conclusions on
he basis of the available data. We discuss several clinical
ituations in which osteomyelitis or diabetic pedal disease
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s suspected but clinical findings differ because of the
resence or absence of edema ulceration and neuropathy.
Please note that although several of the variants have

imilar recommendations, they do present as unique clin-
cal scenarios.

oft-Tissue Edema Without Ulceration

irst, the probability of having osteomyelitis in a diabetic
oot without evidence of ulceration is extremely low [1].

hether there is or is not soft-tissue swelling, these pa-
ients have almost no incidence of osteomyelitis and a
ow incidence of septic arthritis, but some frequency of
oft-tissue infections [2]. The only situation in which
uch a patient can have osteomyelitis is the presence of a
hidden” ulcer that has granulated over and may appear
ealed. In that situation, the risk for osteomyelitis is still
xtremely low, because the ulcer would not have granu-
ated over if osteomyelitis were present [3]. Therefore,
ithout a clinically apparent ulcer, the role of imaging
ight be to diagnose neuropathic disease or to see if there

s soft-tissue infection only [3] (see Variant 1).

europathy Without Ulcer

more difficult question is whether it is neuroarthropathy

r soft-tissue infection that is causing soft-tissue swelling
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4,5]. In a patient who has neuroarthropathy, the risk for
nfection is usually low without ulceration. Radiography
an be used as a screening examination. Computed tomog-
aphy may pick up neuroarthropathy, which may not be

Variant 1. Soft-tissue edema without ulcer or neuro
Radiologic Procedure Rating

X-ray foot 9 In

MRI foot with contrast 9 Ra

MRI foot without contrast 9 Ra

NUC 99mTc 3-phase bone scan and
111In WBC scan foot

4 If

NUC 99mTc 3-phase bone scan foot 1
NUC 111In WBC scan and 99mTc

sulfur colloid marrow scan foot
1

NUC 99mTc 3-phase bone scan and
111In WBC scan and 99mTc sulfur
colloid marrow scan foot

1

Ultrasound foot 1
CT foot without contrast 1
FDG-PET foot 1

Note: Rating scale: 1 � least appropriate, 9 � most approp
deoxyglucose positron emission tomography; MRI � magnetic res

Variant 2. Ulcer with no exposed bone without neu
Radiologic Procedure Rating

X-ray foot 9 In

MRI foot with contrast 9 Ra

MRI foot without contrast 9 Ra

NUC 99mTc 3-phase bone scan and
111In WBC scan foot

4 If

NUC 99mTc 3-phase bone scan foot 1
NUC 111In WBC scan and 99mTc

sulfur colloid marrow scan foot
1

NUC 99mTc 3-phase bone scan and
111In WBC scan and 99mTc sulfur
colloid marrow scan foot

1

Ultrasound foot 1
CT foot without contrast 1
FDG-PET foot 1

Note: Rating scale: 1 � least appropriate, 9 � most approp

deoxyglucose positron emission tomography; MRI � magnetic reson
pparent radiographically and may be the cause of the swell-
ng and pain (mimicking infection). Computed tomogra-
hy can rarely exclude the diagnosis of osteomyelitis defin-
tively if there is no edema in the marrow (fat is visible).

thropathy
Comments

l study. Radiography and MRI are complementary.
th are indicated.
ography and MRI are complementary. Both are
icated. Useful for mapping devitalized areas
operatively. See comments regarding contrast in
t under “Anticipated Exceptions.”
ography and MRI are complementary. Both are
icated.
I contraindicated.

e. CT � computed tomography; FDG-PET � 2-[18F]fluoro-2-
ance imaging; NUC � nuclear medicine; WBC � white blood cell.

rthropathy
Comments

l study. Radiography and MRI are complementary.
th are indicated.
ography and MRI are complementary. Both are
icated. Useful for mapping devitalized areas
operatively. See comments regarding contrast in
t under “Anticipated Exceptions.”
ography and MRI are complementary. Both are
icated.
I contraindicated.

e. CT � computed tomography; FDG-PET � 2-[18F]fluoro-2-
ar
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ance imaging; NUC � nuclear medicine; WBC � white blood cell.
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Scintigraphy is of indeterminate insensitivity and
pecificity, whether it is bone scanning, indium or in-
ium with sulfur colloid, or even positron emission to-
ography [6-9]. Flow images are the best discriminators

Variant 3. Ulcer with exposed bone without neuroa
Radiologic Procedure Rating

X-ray foot 9 In

MRI foot with contrast 9 R

MRI foot without contrast 9 R

NUC 99mTc 3-phase bone scan and
111In WBC scan foot

4 If

NUC 99mTc 3-phase bone scan foot 1
NUC 111In WBC scan and 99mTc sulfur

colloid marrow scan foot
1

NUC 99mTc 3-phase bone scan and
111In WBC scan and 99mTc sulfur
colloid marrow scan foot

1

Ultrasound foot 1
CT foot without contrast 1
FDG-PET foot 1

Note: Rating scale: 1 � least appropriate, 9 � most approp
deoxyglucose positron emission tomography; MRI � magnetic res

Variant 4. Neuropathy without ulcer
Radiologic Procedure Rating

X-ray foot 9 In

MRI foot with contrast 9 Ra

MRI foot without contrast 9 Ra

CT foot without contrast 5 Fo
NUC 99mTc 3-phase bone scan foot 5 Us

NUC 99mTc 3-phase bone scan and
111In WBC scan foot

2

NUC 111In WBC scan and 99mTc
sulfur colloid marrow scan foot

1

NUC 99mTc 3-phase bone scan and
111In WBC scan and 99mTc sulfur
colloid marrow scan foot

1

Ultrasound foot 1
FDG-PET foot 1

Note: Rating scale: 1 � least appropriate, 9 � most approp

deoxyglucose positron emission tomography; MRI � magnetic reson
f infection but remain imperfect. Magnetic resonance
maging (MRI) likely has the best clinical results in this
cenario, with or without contrast, but the yield is low in
his clinical group of patients, and it is costly [10].

ropathy
Comments

l study. Radiography and MRI are complementary.
th are indicated.
iography and MRI are complementary. Both are
icated. Useful for mapping devitalized areas
operatively. See comments regarding contrast in
t under “Anticipated Exceptions.”

iography and MRI are complementary. Both are
icated.
I contraindicated.

e. CT � computed tomography; FDG-PET � 2-[18F]fluoro-2-
ance imaging; NUC � nuclear medicine; WBC � white blood cell.

Comments
l study. Radiography and MRI are complementary.
th are indicated.
ography and MRI are complementary. Both are
icated. See comments regarding contrast in text
er “Anticipated Exceptions.”

ography and MRI are complementary. Both are
icated.
europathy or if MRI contraindicated.

ul for preradiographic findings of neuropathy. Also
RI contraindicated.

e. CT � computed tomography; FDG-PET � 2-[18F]fluoro-2-
rth
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ance imaging; NUC � nuclear medicine; WBC � white blood cell.
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There is some importance in diagnosing neuropathic
isease before radiographic changes, because these pa-
ients will be treated with altered footwear and orthotics
o prevent the progression to deformity. However, scin-

Variant 5. Neuroarthropathy with ulcer without exp
Radiologic Procedure Rating

X-ray foot 9 In

MRI foot with contrast 9 Ra

MRI foot without contrast 9 Ra

NUC 99mTc 3-phase bone scan and
111In WBC scan foot

4 If

NUC 99mTc 3-phase bone scan 1
NUC 111In WBC scan and 99mTc

sulfur colloid marrow scan foot
1

NUC 99mTc 3-phase bone scan and
111In WBC scan and 99mTc sulfur
colloid marrow scan foot

1

CT foot without contrast 1
Ultrasound foot 1
FDG-PET foot 1

Note: Rating scale: 1 � least appropriate, 9 � most appro
2-deoxyglucose positron emission tomography; MRI � magne
blood cell.

Variant 6. Neuroarthopathy with ulcer with exposed
Radiologic Procedure Rating

X-ray foot 9 In

MRI foot with contrast 9 Ra

MRI foot without contrast 9 Ra

NUC 99mTc 3-phase bone scan and
111In WBC scan foot

4 If

NUC 99mTc 3-phase bone scan 1
NUC 111In WBC scan and 99mTc

sulfur colloid marrow scan foot
1

NUC 99mTc 3-phase bone scan and
111In WBC scan and 99mTc sulfur
colloid marrow scan foot

1

CT foot without contrast 1
Ultrasound foot 1
FDG-PET foot 1

Note: Rating scale: 1 � least appropriate, 9 � most approp

deoxyglucose positron emission tomography; MRI � magnetic reson
igraphy is extremely sensitive to early neuropathic dis-
ase, long before radiographic changes are present. Mag-
etic resonance imaging is less sensitive but is a better test

f there is a possibility of soft-tissue infection (see Variant 4).

d bone
Comments

l study. Radiography and MRI are complementary.
th are indicated.
ography and MRI are complementary. Both are
icated. See comments regarding contrast in text
er “Anticipated Exceptions.”

ography and MRI are complementary. Both are
icated.
I contraindicated.

te. CT � computed tomography; FDG-PET � 2-[18F]fluoro-
resonance imaging; NUC � nuclear medicine; WBC � white

one
Comments

l study. Radiography and MRI are complementary.
th are indicated.
ography and MRI are complementary. Both are
icated. See comments regarding contrast in text
er “Anticipated Exceptions.”

ography and MRI are complementary. Both are
icated.
I contraindicated.

e. CT � computed tomography; FDG-PET � 2-[18F]fluoro-2-
ose
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lcer With Exposed Bone

f an ulcer is present, the risk for infection is quite high
nd almost invariable if the ulcer reaches bone. The
ole of imaging would be to confirm the infection and
how its extent. Radiography will show the infection,
owever late. Bone scanning is quite nonspecific
7,11]. Surprisingly, indium scanning, even when
ombined with sulfur colloid marrow imaging, has
ow specificity [12-14], although if the ulcer is away
rom the joint, these techniques are better. Magnetic
esonance imaging has high specificity and sensitivity
oth with and without contrast [15]. Ultrasound may
ave promise in long bones, but to date, data about its
tility in diagnosing the diabetic foot are quite lim-

ted. Positron emission tomographic results are simi-
arly poor, because this technique primarily shows

etabolic activity and therefore is not specific [16]
see Variants 2-3).

lcer With Neuropathy and Exposed Bone

n patients with diabetes and secondary neuroarthropa-
hy, the infection is usually over an osseous abnormality
ith an ulcer. If the ulcer tracks down to bone, the risk

or osteomyelitis is extremely high, perhaps even higher
han in the preceding situation, in which there is an ulcer
ithout neuropathic deformity. The overall role of im-

ging, therefore, is more to determine the extent of the
isease than to definitively diagnose it [17]. Therefore,
ost authors do not advocate scintigraphy in this situa-

ion because of its relative poor spatial resolution for
xtent of disease; similar conclusions apply to positron
mission tomography [11] (see Variant 6).

Similarly, indium-labeled white blood cell scanning
ith or without bone marrow scanning has only mixed

ensitivity and specificity for osteomyelitis with neurop-
thy and yields poor anatomic extent of infection. Radi-
graphy has high specificity but low sensitivity. Ultra-
ound is unproven. Computed tomography will show
he neuroarthropathic disease but not much else. Mag-
etic resonance imaging should be performed to deter-
ine the extent of disease [1]. T1-weighted and fat-sup-

ressed sequences are complementary, and contrast may
r may not be used. The use of contrast is more to see the
xtent of the disease as well as the extent of vascularity
han to diagnose infections [10]. Contrast may also help
dentify necrotic or poorly perfused regions and to aid in
urgical planning [18,19] (see Variant 5).

UMMARY AND RECOMMENDATIONS

f a patient has an ulcer that extends to bone, there is
uite likely, but not invariably, osteomyelitis. The best
ay to confirm this diagnosis and determine the extent of

isease is with MRI. If there is no ulcer and there is still a t
linical suspicion of infection, MRI is the test of choice.
owever, conventional radiography should be done si-
ultaneously in both situations. In indeterminate cases,

spiration and biopsy would be the next step.
If there is soft-tissue swelling, the question is whether

arly neuropathic disease or infection is present. Radiog-
aphy should be performed first. If the radiographic re-
ults are normal, another test should be performed. If the
uspicion of infection is low, the next test should proba-
ly be a 3-phase bone scan. If there is a modest risk for
nfection, MRI is probably indicated.

NTICIPATED EXCEPTIONS

ephrogenic systemic fibrosis (NSF; also known as
ephrogenic fibrosing dermopathy) was first identified in
997 and has recently generated substantial concern
mong radiologists, referring doctors, and laypeople.
ntil the last few years, gadolinium-based magnetic res-

nance contrast agents were widely believed to be almost
niversally well tolerated, extremely safe, and not neph-
otoxic, even when used in patients with impaired renal
unction. All available experience suggests that these
gents remain generally very safe, but recently, some pa-
ients with renal failure who have been exposed to gado-
inium contrast agents (the percentage is unclear) have
eveloped NSF [20-22], a syndrome that can be fatal.
urther studies are necessary to determine what the exact
elationships are between gadolinium-containing con-
rast agents, their specific components and stoichiome-
ry, patient renal function, and NSF. Current theory
inks the development of NSF to the administration of
elatively high doses (eg, �0.2 mmol/kg) and to agents in
hich the gadolinium is least strongly chelated. The US
ood and Drug Administration [23] has recently issued a
black box” warning concerning these contrast agents.

This warning recommends that until further informa-
ion is available, gadolinium contrast agents should not
e administered to patients with either acute or signifi-
ant chronic kidney disease (estimated glomerular filtra-
ion rate � 30 mL/min/1.73 m2), recent liver or kidney
ransplantation, or hepatorenal syndrome, unless a risk-
enefit assessment suggests that the benefit of adminis-
ration in the particular patient clearly outweighs the
otential risk(s) [21].
Disclaimer: The ACR Committee on Appropriateness

riteria and its expert panels have developed criteria for
etermining appropriate imaging examinations for the di-
gnosis and treatment of specified medical conditions. These
riteria are intended to guide radiologists, radiation oncolo-
ists, and referring physicians in making decisions regarding
adiologic imaging and treatment. Generally, the complexity
nd severity of a patient’s clinical condition should dictate

he selection of appropriate imaging procedures or treat-
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ents. Only those examinations generally used for the eval-
ation of a patient’s condition are ranked. Other imaging
tudies necessary to evaluate other coexistent diseases or other
edical consequences of this condition are not considered in

his document. The availability of equipment or personnel
ay influence the selection of appropriate imaging proce-

ures or treatments. Imaging techniques classified as inves-
igational by the US Food and Drug Administration have
ot been considered in developing these criteria, but the study
f new equipment and applications should be encouraged.
he ultimate decision regarding the appropriateness of any

pecific radiologic examination or treatment must be made
y the referring physician and radiologist in light of all the
ircumstances presented in an individual examination.
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