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Musculoskeletal Infection of the Extremities:
Evaluation with MR Imaging’

205

Magnetic resonance (MR) imaging
was performed in 17 patients, 11-84
years of age, referred for evaluation
of possible osteomyelitis involving
the appendicular skeleton. MR im-
aging permitted successful identifi-
cation of osteomyelitis in ten pa-
tients (four acute, two subacute with
Brodie abscess, two chronic, and two
acute with septic arthritis) and of
cellulitis in the absence of osteomy-
elitis in four patients, including one
with a soft-tissue abscess. Active os-
teomyelitis was excluded in three
patients. Both Ti- and 12-weighted
spin-echo sequences were needed to
evaluate osteomyelitis. 12-weighted

images were needed to identify foci
of active infection. MR images pro-
vided more accurate and detailed in-
formation regarding the extent of
involvement than did radionuclide
bone scans, computed tomographic
scans, or standard radiographs. It
permitted the differentiation of sep-
tic arthritis or cellulitis from osteo-
myelitis. In this limited series, MR
imaging was particularly useful for
seeking foci of active infection in
areas of chronic osteomyelitis corn-
plicated by surgical intervention or
fracture.
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ADIOLOGIC diagnosis of osteomy-

elitis remains a problem that is

rendered even more difficult when
underlying bone abnormalities, such

as deformities from previous trauma

or surgery, are also present. In the
earliest stage of osteomyelitis, con-

ventional radiographs may be normal.

Although technetium-99m-labeled

methylene diphosphonate (MDP)

bone scanning has been recognized

as the most sensitive imaging study

for the early detection of osteomyeli-

tis, it is nonspecific and the findings

are often equivocal (1-4). Computed
tomographic (CT) scanning has

proved to be a useful adjunct to con-

ventional radiography and radionu-

clide studies in the evaluation of Se-
lected patients who may have bone

or joint infections (5). CT is capable

of depicting sequestra, cloacae, sinus
tracts, foreign bodies, and intramed-

ullary and soft-tissue gas (6, 7). How-

ever, CT scans may provide only lim-
ited information in patients with

metallic joint prostheses or internal

fixation devices.
Because of its proved capability in

the demonstration of anatomic de-

tails and its high sensitivity in the

detection of pathologic changes in

the bone marrow, magnetic reso-

nance (MR) imaging has been recog-
nized as a useful imaging modality in

the evaluation of musculoskeletal

disease. Although the number of pa-

tients described thus far has been

small, preliminary evaluation has

shown MR imaging to have a high
sensitivity in the detection of the

presence and the local extent of in-

fections of the musculoskeletal sys-
tem (3, 4, 8-16). One study found MR

imaging to be more sensitive and

more specific than either radionu-
clide bone scanning or plain radiog-
raphy in the evaluation of vertebral

osteomyelitis (12). We attempt herein

to define the role and the limitations
of MR imaging in the evaluation of
infections of the extremities.

MATERIALS AND METHODS

Seventeen consecutive patients, 11-84
years of age (average age, 44 years), were
referred for MR imaging evaluation of
possible osteomyelitis of an extremity. In
all patients standard radiographs of the
involved site were obtained, CT scans
were obtained in three (3-10-mm-thick
sections, bolus of intravenously adminis-
tered contrast material), ten underwent
single-phase Tc-99m MDP bone scanning,
and two of these ten patients also under-
went indium-i 1 i-labeled leukocyte scan-
ning. The sites studied with MR imaging
included the shoulder, humerus, hip, fe-
mur, knee, tibia, fibula, ankle, and foot.

Twelve patients underwent surgery with-
in 1 week of MR imaging examination.
All surgical specimens were referred for
histologic and bacteriologic culture ex-
aminations.

Fifteen patients were imaged with a
0.3-T permanent magnet, Beta 3000 sys-
tern (Fonar, Melville, N.Y.) (256 X 256
matrix, 5-mm-thick sections at 7-mm in-
tervals, four excitations averaged), one
was imaged with a i.5-T superconductive
magnet, Signa system (General Electric
Medical, Milwaukee), and one was im-
aged with a 0.15-1 resistive magnet sys-
tern (Picker, Highland Heights, Ohio). To
improve image quality, surface coils were

used whenever possible. When a compar-
ison with the normal side was needed,
both sides of the body were imaged si-
rnultaneously. Fourteen patients were
studied with two spin-echo (SE) pulse Se-
quences: a Ti-weighted sequence (500-
800/28) (repetition time [TR] rnsec/echo
time [TE] msec) and a T2-weighted Se-
quence (1,500-2,000/56-84). Three pa-
tients were examined with one sequence
only, two patients with a Ti-weighted se-

quence only, and one with a T2-weighted
sequence only. Axial and coronal images
were obtained on a 256 X 256 matrix,

with a 5-9-mm section thickness and
0.75-mm pixels. Sagittal images were ob-
tamed when necessary. Interpretation of
the images was done prospectively but
with full knowledge of clinical data and
results of other imaging modalities.

RESULTS

On the basis of features seen on MR
images, oestomyelitis was correctly di-
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agnosed in ten of the 17 patients (Figs.

1-5): four had acute osteomyelitis

alone, two had septic arthritis and asso-

ciated acute osteomyelitis, two had sub-

acute osteomyelitis with a Brodie ab-

scess, one had chronic osteomyelitis

with a sequestrum, and one had a reac-

tivation of chronic osteomyelitis. The

MR imaging examinations of the seven
remaining patients revealed no muscu-
loskeletal infections: one study depict-

ed healed osteomyelitis in combination
with a healed pyarthrosis, three

showed only cellulitis, three depicted

only a soft-tissue abscess (Fig. 6), one

revealed a healed, noninfected tibial

fracture, and one illustrated noninfect-

ed Gaucher disease and bone infarcts.
Twelve diagnoses were confirmed with

surgical exploration and pathologic

and bacteriologic examination, while

five were determined on the basis of

correlation with the clinical course and
other available imaging studies. Al-

though MR images correctly depicted

changes characteristic of active osteo-
myelitis in ten of ten cases, the biased

patient selection and limited number of

cases prevent us from making a mean-

ingful determination of the sensitivity

and specificity of MR imaging in the

diagnosis of osteomyelitis.

A single-phase Tc-99m MDP bone
scan was obtained in ten patients and
showed increased uptake in five of the

six patients with active osteomyelitis.

Scan findings were also positive in one
patient with a healed fracture of the

tibia and in two patients with cellulitis,

none of whom had associated osteomy-

elitis. In-ill-labeled leukocyte scan-

fling was performed in two patients,

both with active chronic osteomyelitis,

but findings were positive in only one.

CT scanning was performed in two
patients with chronic osteomyelitis and

in one with a Brodie abscess. In the two

patients with chronic osteomyelitis, CT

successfully demonstrated a seques-

trum in one, and a cloaca and sinus

tract in the other (Fig. 4). In the patient

with a Brodie abscess, CT disclosed the

abscess cavity (Fig. 5).

In the six patients with acute osteo-
myelitis, conventional radiographs

were suggestive of osteomyelitis, dis-

closing bone resorption, adjacent soft-

tissue swelling, and periosteal new

bone formation; a narrowed joint space
was found in a patient with associated

septic arthritis of the hip. In the two

cases of Brodie abscess a cystlike focus

of destruction, well-demarcated by a

sclerotic rim, was a characteristic radio-
graphic finding. However, radiographs

were not helpful in evaluating chronic
osteomyelitis, since they were unable

to demonstrate either sequestra or find-
ings suggestive of active infection.

Mild to moderate soft-tissue swelling

with or without peniosteal new bone

was shown in the four patients with

soft-tissue infection. In the three pa-

tients without osteomyelitis or soft-tis-

sue infection the radiographs did not

suggest osteomyelitis or soft-tissue in-

flammation.

The changes identified with MR im-

aging in all 17 patients are summarized

as follows:

Acute osteomyelitis (four patients).-

Sites of involved medullany bone ap-

peared on Ti-weighted images as areas
of ill-defined and homogeneous low-

to-intermediate signal intensity and on
12-weighted images as areas of high

signal intensity, as bright as or brighter

than bone marrow. On Ti-weighted

images there were accompanying areas
of ill-defined intermediate signal in-

tensity in the cortex and soft tissue and
disruption of the normal high-intensity

signal of the adjacent intermuscular

septa and subcutaneous fat. These foci
changed to high signal intensity on 12-

weighted images, just as the lesions in
the medullamy canal had.

Subacute osteornyelitis with Brodie ab-

scess (two patients).-Intraosseous and

extraosseous abscesses were of low-to-
intermediate intensity on Ti-weighted

images and became brighter than nor-

mal marrow on 12-weighted images.
An intraosseous abscess was well-de-

marcated by a low-intensity rim on

both Ti- and 12-weighted images (Fig.

5). One of the abscess cavities con-

tamed a sequestrum seen on 12-

weighted images as an area of low in-

tensity (Fig. 6).

Chronic osteomyelitis (two patients).-

The abnormal medullary bone ap-

peaned inhomogeneous. Foci of exudate
were characterized as well-defined le-

sions with or without a low-intensity

rim, the changes in signal intensity be-

ing similar to those characterizing Bro-

die abscess. Sequestra, involucra, and

sinus tracts appeared as foci of low-to-

intermediate signal intensity that did
not change significantly on Ti- to 12-

weighted images (Fig. 4). Likewise, un-
derlying old fractures or surgical scars

appeared as foci of low-to-intermediate
signal intensity on both Ti- and 12-
weighted sequences.

Acute osteo�nyelitis with septic arthritis

(two patients).-The abnormal medul-

lary cavity, cortex, and soft tissue mani-

fested changes in signal intensity simi-
lam to those seen in acute osteomyelitis.

In addition, excessive fluid in joints

and bunsae appeared as areas of strik-

ingly high signal intensity on 12-

weighted images. When severe thin-

fling of articular cartilage was present,

the joint space on T2-weighted images

appeared lower in signal intensity and
more distinct than the space in the con-
tralateral normal joint (Fig. 3b).

Healed, inactive osteotnyelitis with

healed pyarthrosis (one patient).-No ab-

Figure 1. Images in 76-year-old man with
acute osteomyelitis of right tibia and soft-tis-

sue abscess of left tibia. (a) Anteroposterior

radiograph of area of interest in right tibia

reveals soft-tissue swelling and subtle irreg-

ularity of the cortex below the medial tibial

condyle, which suggests periosteal reaction.

(b) Coronal MR image of right knee (SE

500/28) reveals lesion in tibia manifesting

homogeneous decrease in signal intensity

and irregular margin. Adjacent cortex and

soft tissues have abnormal, slightly in-

creased signal intensity.
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Figure 2. MR images in 53-year-old man with osteomyelitis of humerus and postsurgical

septic arthritis of shoulder. (a) Coronal image (SE 500/28) depicts ill-defined, low-intensity
lesion of greater tuberosity of humerus (large arrowheads). Large focus of abnormal inter-

mediate signal intensity involves regional soft tissue, acromioclavicular joint, and axillary

recess (small arrowheads). Normally bright subcutaneous fat is interrupted (arrow). (b) Co-

ronal image (SE 1,999/58). Homogeneous increase in signal intensity is present in greater tu-

berosity, and high-intensity effusion in glenohumeral joint and axillary recess (arrowheads).

Diffuse, ill-defined increase in signal intensity is also present at acromioclavicular joint and

in regional soft tissue. Bright, well-defined draining sinus tract characterizes pus content

(arrows).

Figure 3. MR images in 45-year-old man with septic hip, confirmed by joint aspiration, and

aplastic anemia. (a) Coronal image (SE 499/28) depicts ill-defined intermediate signal inten-

sity present in medial aspect of femoral head (arrowhead) extending below fovea capitis and

acetabulum. Distended joint capsule (*) due to exudate manifests intermediate signal inten-

sity. (b) Coronal image (SE 1,999/56) discloses high signal intensity of exudate (*) distend-
ing capsule and medial joint space. High signal intensity of medial aspect of femoral head is

due to osteomyelitis and corresponds to area shown in a. Signal intensity of acetabulum re-

mains relatively low compared with that of femoral head, suggesting change in marrow con-

sistent with myelofibrosis known to be affecting patient.

normal signal changes were present in

the medullary cavity or soft tissue.

However, a severely narrowed first tar-

sometatarsal joint, as shown on radio-
graphs, appeared on T2-weighted im-

ages as a distinct zone of low-intensity
signal in comparison with the contra-

lateral normal joint.
Soft-tissue infection (four patients).-

The underlying medullary signal ap-
peared normal. The signal intensity of
foci of cellulitis in three patients was
similar to that of the inflamed soft tis-
sue adjacent to foci of osteomyelitis

(low intensity in 11-weighted images
and high intensity on 12-weighted im-
ages), and the margins of the lesions

were similarly ill defined. A soft-tissue
abscess was well marginated (Fig. 6).

Old fracture u’ithout infection (one pa-
tient).-The bone of a healed tibial frac-
tune appeared as a heterogeneous low-
to-intermediate intensity signal on Ti-

weighted images and had slightly
increased intensity on 12-weighted im-

ages. No focus of high signal intensity
was detected. The pin tracks and thick-

ened cortex remained of low signal in-

tensity on both Ti- and 12-weighted
sequences.

Gaucher disease with medullary infarcts

(one patient).-The infarcts were charac-
tenized by discrete inhomogeneous

rings of low signal intensity surround-
ing highly intense cores on Ti-weight-
ed images. No significant change in

signal intensity was seen on 12-weight-
ed images. There was no evidence on
MR images of fluid in the knee, and the
soft tissue was normal.

DISCUSSION

On the basis of current concepts of

the pathophysiology of osteomyelitis
(17), the changing pattern of MR signal
intensity can be explained as follows:
In acute osteomyelitis, because of an in-

crease in intramedullamy water caused

by edema, exudate, hyperemia, and
ischemia, the infected marrow mani-

fests low signal intensity on Ti-weight-

,� �

Figure 4. Images in a 30-year-old man with chronic osteomyelitis and sequestrum of proximal tibia resulting from infected distal tibial

fracture 6 years earlier. (a) CT scan of proximal tibia. Rod track is bounded by sclerotic rim and contains central sequestrum. Irregularly

thickened cortex and increased density of pretibial soft tissue (arrowhead) are present. (b) Axial MR image at same level (SE 500/28). Irregu-

lar area of abnormally low signal intensity is present in tibia and pretibial soft tissue. (c) On axial MR image (SE 1,500/56) bright, high-in-

tensity abscess with central dark sequestrum and outer dark rim of sclerotic bone. Soft-tissue signal remains unchanged, indicating absence

of active infection and presence of scar tissue.
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Figure 5. Images in a 15-year-old boy with subacute osteomyelitis and Brodie abscess of humerus. (a) Plain radiograph shows metaphyseal

cavity. (b) Axial MR image (SE 500/20), reveals well-defined, relatively high-intensity lesion outlined by low-intensity rim in anterior aspect

of humeral neck. Soft tissue (*) adjacent to bone lesion is ill defined and of abnormally high signal intensity. (c) Axial MR image (SE 1,500/

56) reveals very bright signal typical of Brodie abscess with soft-tissue extension.

ed images, becoming high in intensity
on 12-weighted images. During this
early stage the margins of the lesions

are usually ill defined. With further lo-

calized bone destruction, the margins
tend to become more distinct. The his-
tologic changes of resolved or resolv-

ing infections reflect the resolution of

both inflammatory exudate and sec-
ondary ischemia. Unless there is corn-

plete restitution and remodeling of the
bone, as may occur in infants and chil-

dren, healing usually results in fibrosis
and irregular overgrowth of bone, me-

sulting in a lower proton density and
shorter 12 values. Fracture or surgery,
with reactive sclerosing new bone for-
mation and fibrosis within the medul-

lary canal, leads to replacement of the

normal marrow in an uneven pattern,
appearing on MR images as areas of
mixed low, intermediate, and high sig-
nal intensities that are relatively con-

stant on Ti- and 12-weighted Se-
quences.

Sequestra are isolated fragments of

devitalized bone, usually cortical, sum-
mounded by exudate. On MR images,
the signal intensity of a sequestrum is

similar to that of the bone from which
it is derived, that is, low intensity if

cortical bone and higher intensity if
cancellous bone. If active infection is
present in association with chronic

osteomyelitis, the exudate tends to
manifest low signal intensity on Ti-
weighted images, may surround a low-
intensity on high-intensity sequestrum,

and tends to increase in intensity on
12-weighted images.

In subacute osteornyelitis with Bro-
die abscess, the abscess is often sun-
rounded by a thick, sclerotic rim. The

abscess may rarely breach the cortex
and extend extraosseously. Associated
sequestra are uncommon. In our limit-
ed series of cases, the signal intensity

of a Brodie abscess tended to be low to

intermediate on Ti-weighted images
and very high on 12-weighted images.
The signal is homogeneous and sharply

outlined by a thick, low-intensity rim

on both Ti- and 12-weighted images.
In septic arthritis, intrarticulam effu-

sion (or exudate) and destruction of am-

ticular cartilage, with or without sub-
chondral bone involvement, are the

major pathologic changes. MR imaging
is very sensitive in the depiction of in-
creased joint fluid (16) and medullary

bone destruction. Destruction of the an-
ticular cartilage results in loss of its
normal intermediate-intensity signal.
Because the destroyed articular carti-
lage leaves the joint bounded only by

subchondral cortical bone, the joint
space appears to be of lower signal in-
tensity and more distinct on 12-weight-
ed images than it does normally. If

there is no medullary involvement, the
MR imaging pattern is similar to that of
any noninfectious inflammatory, trau-
matic, or degenerative arthritis.

Because the inflammatory soft-tissue
changes associated with osteomyelitis
have histologic and morphologic fea-
tures identical to those of the affected
bone, their signal intensities are simi-
lam. On Ti-weighted images, the nor-
mally high-intensity signal of subcuta-

neous fat and intermuscular fatty septa
is replaced by the intermediate signal

intensity of the inflammatory infiltrate.
In the absence of an abscess, the mar-

gins of the infiltrate are ill defined.
Scarring of the soft tissue after trauma
or surgery and healed inflammation
appear as areas of low-to-intermediate
signal intensity on both Ti- and 12-
weighted images.

As for the differential diagnosis, ma-
lignant bone tumoms tend to manifest a

well-demarcated, inhomogeneous in-
tmaosseous component and, when local-

ly advanced, a well-defined extraos-

seous soft-tissue component (18, 19).

Although the signal intensity of most

bone tumors is similar to that of osteo-
myelitis, the morphologic features ob-

served in our series of osteomyelitis

cases differ from those previously de-
scnibed in bone tumors and may prove
a useful guide to differential diagnosis.

In this study, MR imaging allowed

successful identification of all ten cases
of osteomyelitis and four cases of soft-
tissue infection without bone involve-

ment. The possibility of active infec-
tion in another three patients was

excluded with MR imaging, even
though one of them had positive find-

ings on a radionuclide bone scan and

another had a past history of osteomy-
elitis.

Although Ti-weighted images were
very sensitive in depicting pathologic

lesions of medullary bone and adipose
tissue, they exhibited no pathogno-

monic changes of active infection.

Only when the abnormally low-inten-

sity signal on Ti-weighted images

changed to a high-intensity signal on

12-weighted images, even brighter
than that of normal marrow on fat, was
an active infectious process strongly

suggested. Therefore, both Ti- and 12-

weighted sequences are needed to eval-

uate musculoskeletal infection. One of
the advantages of MR imaging is its ca-
pability of providing multiplanar im-
ages. For imaging the extremities, we

found that axial images were capable of
demonstrating the most detailed depic-

tion of intra- and extraosseous patho-
logic conditions, particularly in corn-
plicated cases of chronic osteomyelitis
and in small, thin bones. Coronal im-

ages were best for studying joints.
However, to fully appreciate the true

extent of disease, images in multiple
planes were required.



a. b.

Volume 166 Number I Radiology #{149}209

Figure 6. Axial MR images in a 50-year-old man with soft-tissue abscess of right ankle. (a) SE 500/28 image depicts fairly well-defined ab-

scess of intermediate signal intensity (*) anterior to Achilles tendon. Diffuse areas of intermediate signal intensity are present in adjacent

skin (compare with contralateral normal ankle). (b) On SE 2,000/84 image soft-tissue abscess (*) is very bright, well demarcated, and covered

by bright edematous subcutaneous fat and skin. Underlying bone is normal.

When compared with the various ra-

dionuclide studies, MR imaging has

been reported to have equivalent sensi-
tivity for osteomyelitis of the vertebrae

or extremities (3, 4, 9, 10, 12). Certain

advantages of MR imaging over radio-

nuclide studies include greater accura-

cy in delineating the extent of disease,
more rapid evaluation, and elimination

of the need for an intravenous injection

or ionizing radiation. In our study, MR

imaging was 100% accurate in depict-

ing active osteomyelitis, while Tc-99m

bone scans produced three false-posi-

tive and one false-negative result, and

In-ill leukocyte scans yielded one

false-negative result.

CT scans were obtained in both cases
of chronic osteomyelitis associated

with previous fractures and orthopedic

surgery, and in one of the two cases of

Brodie abscess. As in several published

reports (5-7), CT was able to disclose
sequestra and sinus tracts. However,

the results of CT in our two cases of
chronic osteomyelitis were equivocal

for active infection. Indeed, we found

MR imaging to be superior to CT in
these cases because it was able to dis-

close not only sequestra and sinus

tracts but also sites of active infection

in bone and soft tissue. It has been re-

ported that MR imaging is more sensi-

tive than CT in the detection of infect-

ed metal implants (4). However, the
greater spatial resolution currently fea-
tuned by CT continues to make it in-

valuable for the depiction of small se-

questra, foreign bodies, and subtle foci

of gas.

To summarize, we found that MR im-
aging had high sensitivity and specific-
ity in the detection of active infection

in bone, even in cases of chronic osteo-

myelitis with or without previous sum-

geny or fracture. Because it is capable of

providing detailed anatomic informa-

tion regarding the extent of pathologic

change, MR imaging may be the most
accurate imaging modality in differen-
tiating osteomyelitis from septic arthni-

tis or soft-tissue infection. It would

seem ideal for guiding biopsy and sun-
gery. Two limitations of our study are

that surgical confirmation was obtained
in only 12 of the 17 cases, and that the

MR pulse sequence protocols were in-
consistent. Future, more standardized

studies on a larger scale with more ad-
vanced technology should serve to con-

firm the usefulness of MR imaging in

the evaluation of musculoskeletal in-

fections. U
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