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How to Image Infection ( Box 5.1 (b0010) )

Musculoskeletal infections a�ect bones, soft tissues, and joints.
Infection is often considered a therapeutic emergency, and
magnetic resonance imaging (MRI) is a valuable tool for
demonstrating the presence or absence of disease and its extent.
The MRI study should be directed to the site of involvement based
on clinical grounds or where abnormalities on other imaging
studies have been found. The coil used, the patient’s position, the
planes of imaging, and the �eld of view vary for each site.

• Coils and patient position: The patient is usually supine in the
magnet, unless the region a�ected involves mainly the posterior
soft tissues, such as the buttocks or posterior thoracic cage.
Spine phased array coils are used for any portion of the spine;
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the body coil or, preferably, a large �eld-of-view phased array
coil is used for the thorax, pelvis, and femora; and smaller
surface coils are used for the other extremities and joints.

• Image orientation: The best imaging planes for the spine are
sagittal and axial; for the pelvis, coronal and axial images are
preferred. Generally, axial and coronal images are used for
lesions near the hip, foot, shoulder, and wrist; lesions near the
knee, ankle, and elbow are evaluated best with axial and
sagittal images.

• Pulse sequences and regions of interest: In the spine, sagittal and
stacked axial T1-weighted (T1W), fast T2-weighted (T2W), and
postgadolinium T1W images of the region of interest are
obtained. In the pelvis and extremities, our routine protocols
include T1, short tau inversion recovery (STIR), and
postgadolinium T1W images. Section thickness in the spine is 4
mm; in the pelvis, 5 mm; and in the extremities, 4 mm (or
larger, depending on the volume to be covered).

• Contrast: Intravenous (IV) gadolinium is routinely used for
diagnosing musculoskeletal infections. It allows di�erentiation
of an abscess from cellulitis or phlegmon in the soft tissues, or
an abscess from bone marrow edema in the marrow space.
Gadolinium also increases the conspicuity of sinus tracts and
sequestra.

BOX 5.1

MRI for Musculoskeletal Infections

Sequences



• T1

• STIR or fast T2

• T1 postcontrast with fat saturation

Imaging Planes

• Spine: axial and sagittal

• Pelvis, hip, shoulder, wrist: axial and coronal

• Knee, ankle, elbow: axial and sagittal

• Foot: axial, sagittal, and coronal

Osteomyelitis
MRI allows for early detection of osteomyelitis, the extent of
involvement, and the activity of the disease in cases of chronic
osteomyelitis.

De�nition of Terms ( Box 5.2 (b0015) )

Sequestrum: A fragment of necrotic (dead) bone separated from
living bone by surrounding granulation tissue is a sequestrum.
This is seen on a radiograph as a dense bone fragment
(sequestrum) surrounded by a radiolucency (granulation tissue);
on MRI, the sequestrum is a low signal intensity structure on
T1W and T2W or STIR sequences, whereas the surrounding
granulation tissue is intermediate to low signal intensity on
T1W images and high signal intensity with STIR or T2W
sequences ( Fig. 5.1 (f0010) ). After gadolinium administration,
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the granulation tissue enhances, whereas the sequestrum
remains of low signal intensity.

BOX 5.2

Definition of Terms

Cloaca : Defect in the periosteum created by infection
Involucrum : Thick sleeve of periosteal new bone
surrounding dead cortical bone Sequestrum : Fragment of
dead bone surrounded by granulation tissue Sinus tract :
Channel extending from bone to skin surface lined with
granulation tissue Fistula : Channel between two internal
organs



Fig. 5.1

Osteomyelitis: sequestrum, abscess, cloaca, periosteal new bone. A ,

Spin echo–T2 axial image of the upper arm. There is high signal in the

medullary cavity of the humerus (m) from osteomyelitis. A low signal

sequestrum ( arrowhead ) is surrounded by high signal granulation tissue
and pus ( curved arrow ). A high signal cloaca extends through the

thickened cortex ( straight arrow ). B , Spin echo–T2 axial image of the

upper arm. A cut adjacent to that in A shows the markedly thickened

cortex (between arrowheads ) formed by periosteal reaction/involucrum

formation incorporated with the underlying cortex. A high signal linear
cloaca extends through the cortex as well ( arrow ).

Involucrum: An envelope of thick, wavy periosteal reaction
formed around the cortex of an infected tubular bone is known
as the involucrum. It is commonly found in the bones of infants
and children with osteomyelitis. As the infection is controlled,
the dead cortical bone is incorporated with the involucrum,
forming a thickened cortex (see Fig. 5.1 (f0010) ). On MRI, the
ossi�ed periosteal shell and the dead tubular cortical bone are
low signal intensity on all pulse sequences; periosteal reaction
and cortical bone are separated by linear intermediate to high
signal intensity on T2W or STIR images ( Fig. 5.2 (f0015) ), until
the periosteal reaction and cortical bone are incorporated.
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Fig. 5.2

Osteomyelitis: involucrum. Fast T2 fat-suppressed axial image of the

calf. The low signal linear periosteal reaction (involucrum) ( arrowhead )

and low signal cortical bone ( arrow ) are separated by high signal pus in
this infected �bula in a child.

Cloaca: An opening through the periosteum that permits pus
from the infected bone to enter the soft tissues is called a cloaca
. On MRI, the linear low signal intensity periosteum that is
elevated from the cortical bone or the thickened cortex is
interrupted by a high signal intensity gap (cloaca) on T2W
images (see Fig. 5.1 (f0010) ). On T2W images, the high signal
intensity pus can be seen extending into the soft tissues from
the cloaca and may form a sinus tract or abscess.

Sinus Tract/Fistula: A sinus tract is a channel between an
infected bone and the skin surface, whereas a �stula is a tract
or channel between two internal organs. Sinus tracts and
�stulae are lined by vascular granulation tissue, and they
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function as conduits for pus to �ow away from the infected
bone. On MRI, a sinus tract or �stula is a linear low signal
intensity on T1W images, best seen if the subcutaneous fatty
tissues are not in�ltrated with edema. On T2W images, the
channel appears as a linear high intensity signal as a result of
the granulation tissue and pus ( Fig. 5.3 (f0020) ). The
granulation tissue is enhanced after IV injection of gadolinium,
and the channel is most conspicuous with a fat-suppressed T1W
sequence after contrast enhancement.

Fig. 5.3

Osteomyelitis: sinus tract. STIR axial image of the calf. There is a

linear high signal channel (between arrowheads ) extending through the

cortex of the tibia to the skin surface.

Abscess/Phlegmon: A cavity �lled with pus that is surrounded by
a capsule and lined with granulation tissue is an abscess,
whereas a phlegmon is a solid mass of in�ammatory tissue. An
abscess may exist in the medullary bone, the cortex, the soft
tissues, or more than one of these compartments ( Fig. 5.4 (f0025)
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). On MRI, the abscess and the phlegmon are intermediate to
low signal intensity on T1W and high signal intensity on T2W
images. Gadolinium can distinguish a phlegmonous collection
from an abscess. After IV injection of gadolinium, the rim of an
abscess is enhanced, whereas the center of the mass that
contains the pus remains low signal intensity and the
in�ammatory mass of a phlegmon enhances di�usely.



Fig. 5.4

Osteomyelitis: abscess. A and B , Medullary abscess. A , Spin echo–T2

axial image of the calf. The medullary canal of the tibia is di�usely high

signal. B , T1 contrast-enhanced axial image of the calf. There is a thin

line of enhancing tissue ( arrowheads ) surrounding a low signal
collection of pus in this abscess of the medullary cavity. C and D ,

Cortical abscess. C , STIR axial image of the calf. A round focus of high

signal is present in the posterior cortex of the tibia ( arrow ),

representing a cortical abscess. The medullary canal also demonstrates

di�usely high signal from in�ammation. The periosteum is elevated (
arrowheads ) from the cortical bone. D , T1 contrast-enhanced fat-

suppressed axial image of the calf. The cortical abscess displays high

signal peripherally with a low signal center that contains pus. The

medullary canal and soft tissues surrounding bone all show

enhancement, indicating there is no abscess in these locations, only
in�ammatory hyperemia. E , Soft tissue abscess. Spin echo–T2 axial

image of the thigh. There is a focal area of high signal in the medullary

canal of the femur from an abscess with a cloaca in the lateral femoral

cortex (between arrowheads ). A �uid collection surrounding a large

portion of the femur ( arrows ) caused by a soft tissue abscess also is
present.

Penumbra Sign: One imaging �nding reported to be helpful in
di�erentiating a subacute or chronic abscess from tumor has
been called the penumbra sign . This sign was originally
described in cases of subacute osteomyelitis, but it has been
found to be useful in identifying soft tissue abscesses as well. It
consists of a thin, intermediate signal intensity rim along the
periphery of a bone or soft tissue abscess on unenhanced T1W



images ( Fig. 5.5 (f0030) ). Although this appearance is not
speci�c for an abscess, it is highly suggestive, and is likely
related to a layer of granulation tissue along its wall.

Fig. 5.5

Abscess: penumbra sign. T1 axial image of the knee. A small abscess
(A) is visible within the lateral head of the gastrocnemius muscle in this

patient with pyomyositis. Note the intermediate signal intensity rim (

arrow ) (“penumbra sign”) around the central low signal intensity �uid.

Routes of Contamination ( Box 5.3 (b0020) )

Osteomyelitis can develop via three routes:

1. Hematogenous seeding

2. Contiguous spread from an adjacent infection

3. Direct implantation of microorganisms

BOX 5.3

Routes of Bone Infection
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Hematogenous

• Infants (< 1 yr)
• Metaphysis/epiphysis

• Children (1 yr to growth plate closure)
• Metaphysis

• Adults
• Epiphysis

Direct Implantation

• Puncture wounds

• Human/animal bites

• Open fractures

• Surgery

Contiguous Spread

• Infection starts in soft tissues

↓

• Periostitis (periosteal involvement)

↓

• Osteitis (cortical involvement)

↓

• Osteomyelitis (marrow involvement)

• Reverse sequence from hematogenous spread



Hematogenous Seeding
The location of lesions from hematogenous seeding is related to the
vascular supply of tissues; in some patients, involvement may be
multifocal. In hematogenous osteomyelitis, the contamination
begins in the bone marrow and extends secondarily through the
cortex and then to the adjacent soft tissues. In the spine, the
common initial site of involvement is the subchondral bone along
the end plate of the vertebral body, which is supplied by nutrient
arterioles. This process eventually extends to the disk
(spondylodiscitis). In children, vascular channels perforate the
vertebral end plates, allowing direct access of microorganisms to
the intervertebral disk (diskitis) without initial contamination of
the vertebral bodies. In tubular bones, the vascular anatomy
changes with age and is di�erent for infants, children, and adults.
The di�erences in vascular distribution explain the location of
lesions for the di�erent age groups.

The infantile pattern (0-1 year) is related to the fetal vascular
arrangement that persists up to age 1 year. The metaphyseal and
diaphyseal vessels penetrate the growth plate and extend into the
epiphysis. In infants, infection a�ects primarily the epiphysis and
the growth plate because of this vascular anatomy. Profuse
involucrum formation is characteristic, re�ecting the ease with
which the periosteum is lifted from the underlying bone in infants
and the presence of a rich vascularity. Development of soft tissue
abscesses and extension into the joint also are common. Group A
streptococcus is the most common organism a�ecting infants with
osteomyelitis.



The childhood pattern is seen from 1 year of age to closure of the
growth plates ( Fig. 5.6 (f0035) ). The metaphyseal vessels become
terminal rami�cations of nutrient arteries, with the capillaries
forming large sinusoidal lakes in the metaphysis. The slow blood
�ow in this area contributes to the increased incidence of
osteomyelitis that a�ects the metaphysis in the child. Later,
extension into the epiphysis may occur from contiguous spread.
Involucrum, sequestrum, and abscess formation are common.
Articular extension (septic arthritis) occurs at sites where the
growth plate is intra-articular, such as in the hip, elbow, and
shoulder. In �at bones, such as the pelvis, childhood osteomyelitis
shows a predilection for metaphyseal-equivalent locations adjacent
to apophyses (e.g., the iliac crests) and for epiphyseal-equivalent
locations adjacent to articular cartilage (e.g., around the triradiate
cartilage) ( Fig. 5.7 (f0040) ). Staphylococcus aureus (80%) and group
A streptococcus are the most frequent organisms that a�ect
children.

file:///storage/emulated/0/Android/data/net.imedicaldoctor.imd/files/3-s2.0-C20130189064/base/f0035
file:///storage/emulated/0/Android/data/net.imedicaldoctor.imd/files/3-s2.0-C20130189064/base/f0040


Fig. 5.6

Osteomyelitis: hematogenous spread. STIR coronal image of the knee. An

irregular focus of heterogeneous signal intensity within the distal femoral

metaphysis ( arrowheads ) is from hematogenous spread of infection to the
region of terminal arterial rami�cations in this child with open growth plates.

This patient also was found to have a septic knee joint that resulted from

contiguous spread of infection through the bone.



Fig. 5.7

Osteomyelitis: pelvis. A , STIR coronal image of the pelvis. There is a right

hip e�usion in this 12-year-old boy who presented with hip pain on that side.

Extensive bone marrow edema also is present in the adjacent acetabulum

bordering the triradiate cartilage ( arrow ). B , STIR sagittal image of the
right acetabulum. A small subarticular abscess is present along the posterior

acetabular roof ( arrow ). A portion of the triradiate cartilage ( arrowheads )

abuts the posterior margin of the abscess.

The adult pattern of hematogenous seeding of osteomyelitis is seen
when growth plate closure has occurred. The diaphyseal and
metaphyseal vessels penetrate the fused growth plate, which allows
infection to localize in the subchondral bone regions (epiphyses).
Septic arthritis may complicate this epiphyseal location. The spine,
the pelvis, and the small bones of the hands and feet are the most
common sites of infection.

Contiguous Spread



When soft tissues initially are infected and the noncontained
infection extends to adjacent osseous structures, it is considered
contamination by contiguous spread ( Fig. 5.8 (f0045) ).
Contamination of bone by contiguous spread is seen most
commonly in debilitated patients, in people with diabetes, and in
patients treated with corticosteroids. The soft tissue infection
invades bone marrow by progressing in sequence from cellulitis in
the soft tissues to periostitis to osteitis to osteomyelitis. Osteitis
indicates involvement of cortical bone; extension of the cortical
infection into the marrow cavity produces osteomyelitis. The
direction of contamination in contiguous spread of infection is the
reverse of that which occurs with hematogenous osteomyelitis.
With hematogenous osteomyelitis, marrow is a�ected initially; this
is followed by cortical destruction, then periosteal contamination,
and �nally soft tissue cellulitis, phlegmon, or abscess.
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Fig. 5.8

Osteomyelitis: contiguous spread. T1 coronal image of the knee. This

patient had a below-the-knee amputation. An ulcer developed in the distal

soft tissues over the tibia. Infection spread from the soft tissue abscess (

arrowheads ) through the periosteum and cortex into the medullary canal,
where there is now osteomyelitis ( arrow ).

Direct Implantation
Contamination of tissues by direct implantation of infectious agents
is usually the result of puncture wounds, foreign bodies, open
fractures, and surgery. Human bites ( S. aureus, Bacillus fusiformis )
and animal bites ( Pasteurella multocida, S. aureus , and
Staphylococcus epidermidis ) also are common causes of infection
from direct implantation ( Fig. 5.9 (f0050) ). The infection starts at
the site of implantation, which may be in the soft tissues, the
periosteum, or the cortical or medullary bone; soft tissue
involvement almost is always present ( Fig. 5.10 (f0055) ).
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Fig. 5.9

Osteomyelitis: direct implantation. A , T1 sagittal image of the �nger. This

patient had been bitten by a dog 6 months before this scan. Abnormal

intermediate signal is present in the marrow of the distal portion of the
proximal phalanx. There also is dorsal cortical destruction at that site ( arrow

), and these �ndings are compatible with osteomyelitis. B , Fat-saturated T1

sagittal image of the �nger after IV gadolinium administration. There is

di�use, intense enhancement within the medullary cavity and adjacent soft

tissues. C , T1 axial image of the �nger. Di�use swelling of the digit is
evident at that level, as is the focal breakthrough of the dorsal cortex ( arrow

).



Fig. 5.10

Osteomyelitis: direct implantation. T1 axial image of the calf. There is a

soft tissue and cortical abscess in the anterior and medial aspect of the tibia

with cortical destruction and a soft tissue mass ( arrows ). This occurred from

direct implantation of bacteria when a shovel went through the skin and into

the bone.

MRI of Osteomyelitis ( Box 5.4 (b0025) )

Osteomyelitis is classically divided into three stages: acute,
subacute, and chronic. These stages are based on the patient’s
clinical picture, on the duration of the disease, and on imaging
�ndings.

BOX 5.4

Osteomyelitis: MRI Findings

Bone Marrow In�ammation
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• T1: Low signal intensity

• T2: High signal intensity

• T1 with contrast: High signal intensity

Intraosseous Abscess

• T1: Low signal intensity

• T2: High signal intensity

• T1 with contrast: High signal intensity only in periphery

Sequestrum

• T1: Low signal intensity

• T2: Low signal intensity

• T1 with contrast: High signal intensity surrounding
sequestrum, which remains low signal

Cortical Destruction

• T1: Intermediate signal intensity

• T2: Intermediate or high signal intensity

• T1 with contrast: Intermediate signal intensity

Cloaca

• T1: Hard to see

• T2: High signal intensity defect in low signal periosteum

• T1 with contrast: Not seen



Sinus Tract

• T1: Not seen or linear low signal intensity

• T2: High signal intensity

• T1 with contrast: High signal intensity in peripheral lining
of low signal intensity tract

Acute Osteomyelitis
Acute osteomyelitis of hematogenous origin has normal radiographs
in the �rst week, followed in the next 7 to 14 days by osteoporosis,
�ne linear periosteal reaction, and eventually permeative or moth-
eaten bone destruction. Before radiographic manifestations of
infection, MRI shows obliteration of the medullary fat by bone
marrow edema, which is low to intermediate signal intensity on
T1W images and high signal intensity on STIR images ( Fig. 5.11

(f0060) ). These MRI features are not speci�c. MRI is highly
sensitive but not speci�c for diagnosing infection, with reported
speci�cities for osteomyelitis ranging from 53% to 94%; however,
MRI has a negative predictive value for osteomyelitis of close to
100%. That is, if the bone marrow is normal in appearance, there is
no evidence of osteomyelitis. As the disease progresses, MRI shows
elevation of the periosteum, which is a low signal intensity line on
all pulse sequences. The space between the periosteum and cortical
bone has intermediate signal intensity on T1W and high signal
intensity on STIR images; this usually is accompanied by adjacent
soft tissue edema. Cortical destruction is a later �nding and is
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depicted initially by blurring and eventually focal interruption of
the cortical line, which is normally completely devoid of signal
(low signal intensity) on all pulse sequences.



Fig. 5.11

Osteomyelitis: acute. A , Frontal radiograph of the knee. This 3-year-old

child presented with knee pain and a limp. The �lm is normal. B , T1 coronal

image of the thighs. There is a rounded focus of abnormal, low signal

intensity in the distal right femoral metaphysis ( arrowhead ). C , Coronal
STIR image of the thighs. The lesion shows strikingly increased signal at this

site of acute osteomyelitis. D , Frontal radiograph of the knee. This �lm,

obtained 3 weeks after the �rst radiograph, now shows a small metaphyseal

lucency abutting the medial aspect of the physis at the site of infection (

arrow ).

The infection may transgress the periosteum with formation of a
cloaca. This is best seen on STIR images as a high signal intensity
defect traversing the black periosteal line ( Fig. 5.12 (f0065) ). This
defect may evolve into an abscess cavity or a sinus tract. An abscess
cavity is usually oval in shape, low signal intensity on T1W images,
and high signal intensity on T2W images. It may blend in with and
be obscured by the di�use surrounding edema. The use of
gadolinium helps distinguish an abscess from the surrounding
edema. The abscess shows high signal intensity enhancement of its
capsule, whereas the contents remain low in signal intensity.
Cellulitis shows di�use contrast enhancement.
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Fig. 5.12

Osteomyelitis: progression with cloaca and abscess formation. A , T1

coronal image of the thighs. An elongated focus of decreased signal is evident
in the proximal right femoral shaft ( arrows ). B , Fat-saturated T1 axial

image of the thigh after IV administration of gadolinium. A defect in the

posterior cortex represents a cloaca ( arrow ), and nonenhancing �uid is seen

within the adjacent multilocular abscess ( arrowheads ). C , Fat-saturated T1

sagittal image of the thigh after the IV administration of gadolinium. The
extent of the intraosseous ( arrow ) and extraosseous ( arrowheads ) abscesses

are better shown in this plane. Note also the extensive phlegmonous

enhancement within the adjacent thigh muscles.

Osteomyelitis from contiguous spread manifests with the reverse
sequence of events as hematogenous osteomyelitis. The soft tissues
are initially a�ected with di�use edema. There may be associated
soft tissue ulcers and abscesses. Ulcers are identi�ed as low signal
intensity cutaneous defects. With soft tissue infection, there may be
adjacent periosteal reaction and bone marrow edema, but these
�ndings do not always indicate osteomyelitis. Joints and bone
marrow may develop sympathetic e�usions or marrow edema from



an adjacent in�ammatory process. Distinguishing this sympathetic
in�ammatory reaction from true infection of these tissues is not
always possible by MRI.

STIR and fat-saturated T2W images are usually assessed �rst in
these cases. These images essentially exclude osteomyelitis if
normal, but abnormal high signal intensity within the marrow may
be related to osteomyelitis or the “reactive” marrow edema
described earlier. In that case, the T1W images should be analyzed
closely for further characterization because normal signal intensity
or hazy decreased signal intensity within the marrow correlates
strongly with reactive edema as an etiology for the T2 signal
abnormality. Conversely, an area of geographic low signal intensity
within the medullary cavity on a T1W image at the site of T2
abnormality is highly predictive for osteomyelitis.

Certain other characteristic MRI features of osteomyelitis also are
helpful in this setting. The diagnosis of osteomyelitis can be made
with even more con�dence when the previously described �ndings
are associated with one of the following:

1. Sinus tract

2. Cortical destruction

3. An adjacent soft tissue abscess

Subacute Osteomyelitis
Subacute osteomyelitis is characterized on a radiograph by a
geographic osteolytic lesion with or without sclerosis, often
manifesting as a lucent serpiginous channel within the medullary
cavity. There may be an associated periosteal reaction. Brodie’s



abscess is a form of subacute osteomyelitis that is especially
common in children. Radiographic features of Brodie’s abscess are
those of a well-circumscribed lytic lesion with sclerotic borders in
the metaphysis of a long bone. Periosteal reaction and a sequestrum
may sometimes be present. The most frequent sites of involvement
are the tibia and femur.

MR images show a well-circumscribed, serpiginous or oval lesion of
low to intermediate signal intensity on T1W images and high signal
intensity on T2W images ( Fig. 5.13 (f0070) ). A low signal intensity
rim of variable thickness, representing �brous tissue and reactive
bone, surrounds a focus of subacute osteomyelitis. There is usually
associated bone marrow edema surrounding the lesion. These MRI
�ndings may be seen before any characteristic radiographic
changes are shown. Periosteal reaction and adjacent soft tissue
edema may also be present. A joint e�usion may be seen, which
may be sympathetic in origin or represent a true septic arthritis.
When epiphyses or apophyses are involved with Brodie’s abscess,
the �ndings may resemble a chondroblastoma on radiographs and
MR images. The use of IV gadolinium may help distinguish these
two entities. Only the periphery of Brodie’s abscess enhances,
whereas a chondroblastoma shows heterogeneous enhancement of
the entire lesion.
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Chronic Osteomyelitis
Chronic osteomyelitis consists of an infection of more than 6 weeks’
duration. In its �orid state, it shows abundant sclerosis as
manifested by periosteal and endosteal thickening, thickened and
disorganized trabeculae, and cystic changes, with or without a
sequestrum on radiographs. Chronic osteomyelitis of long duration
with draining sinus tracts may develop into squamous cell
carcinoma. The most speci�c sign of active chronic osteomyelitis is
the presence of a sequestrum, best shown with computed
tomography. Other radiographic signs include the presence of
poorly de�ned areas of osteolysis; osteolysis in areas of previous
sclerosis; and development of a new thin, linear periosteal reaction.

The MRI �ndings that indicate an active chronic osteomyelitis are:

1. Identi�cation of a sequestrum ( Fig. 5.14 (f0075) ) that is low
signal intensity on all pulse sequences (injection of IV

Fig. 5.13

Osteomyelitis: subacute. A , T1 coronal image of the pelvis. There is a focal

intermediate signal lesion (abscess) in the left femoral head surrounded by a

rim of low signal (�brosis or reactive new bone). The surrounding marrow is

intermediate signal secondary to reactive marrow edema that surrounds the
subacute osteomyelitis. B , STIR coronal image of the pelvis. The focal

abscess becomes high signal, the thin line of surrounding reactive bone

remains low signal, and the di�use surrounding reactive marrow edema is

high signal. In addition, there is a high signal joint e�usion ( arrow ), which

represents either a reaction to the adjacent in�ammatory process or a septic
joint.

file:///storage/emulated/0/Android/data/net.imedicaldoctor.imd/files/3-s2.0-C20130189064/base/f0075


gadolinium increases its conspicuity because granulation tissue
surrounding the sequestrum enhances, but the sequestrum
remains low signal intensity)

Fig. 5.14

Osteomyelitis: chronic. Proton density axial image of the thigh. Several

features of chronic infection are evident: sequestra ( arrows ), cloaca,

sinus tract ( arrowheads ), and an abscess in the medullary canal (high
signal di�usely except for the sequestra).

2. Intramedullary abscess cavity, which is an oblong, well-
delineated mass of low signal intensity on T1W and high signal
intensity on T2W images (after IV injection of gadolinium, the
rim of the intraosseous abscess enhances with high signal
intensity, whereas the pus-�lled cavity remains low signal
intensity on T1W images)

3. Cloaca, which is seen on T2W images as a high signal
intensity gap through the cortex and periosteum



4. Subperiosteal �uid collection (representing either pus or
edema), seen on T2W images as a high signal intensity linear
�uid collection elevating the periosteum and paralleling the
cortex

5. Sinus tract, identi�ed on T2W images as a high signal
intensity channel extending from bone into the soft tissues or
on contrast-enhanced T1W images as enhancement along its
borders

Increased signal intensity of the bone marrow on T2W images may
represent postsurgical or postinfectious granulation tissue and not
persistent infection. Serial MRI studies showing progression of this
process in the marrow indicate the presence of active osteomyelitis,
however. The MRI diagnosis of healed osteomyelitis is based on the
absence of the aforementioned signs and on the return of normal
fatty marrow in the medullary cavity.

Soft Tissue Infection
Soft tissue infections include cellulitis, septic tenosynovitis, septic
bursitis, infectious myositis, and necrotizing fasciitis. Despite the
fact that MRI �ndings are not speci�c, MRI is the best imaging
modality to detect any soft tissue abnormality. It is used to evaluate
the presence or absence of disease, evaluate its extent, and identify
possible sites for biopsy.

Cellulitis ( Box 5.5 (b0030) )

Cellulitis represents di�use in�ammation of subcutaneous fat and
skin. On MRI, cellulitis is seen as di�use areas of low signal
intensity on T1W and high signal intensity on T2W images, with a
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reticular (lacelike) pattern in the subcutaneous fat with skin
thickening ( Fig. 5.15 (f0080) ). After injection of IV gadolinium,
di�use increased signal intensity is present in the same areas that
are abnormal on unenhanced T1W and T2W sequences.

BOX 5.5

Cellulitis

• Abnormal signal limited to subcutaneous fat

• Reticulated pattern
• Low signal on T1

• High signal on T2

• Enhancement with contrast

• No abnormality of deep fascial planes
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Fig. 5.15

Cellulitis. A , T1 axial image of the lower leg. There is di�use skin

thickening and a reticular pattern of low signal edema in the subcutaneous

fat. B , STIR axial image of the lower leg. The reticular pattern of edema and

skin thickening become high signal on this sequence. There is no abnormal
high signal in the intermuscular fascial planes, allowing distinction of

cellulitis from necrotizing fasciitis.

Septic Tenosynovitis and Septic Bursitis
Septic tenosynovitis and septic bursitis usually result from
penetrating trauma, or may be a manifestation of tuberculosis.
Septic and aseptic causes of bursitis and tenosynovitis cannot be
distinguished by imaging features, which include �uid surrounding
a tendon or within a bursa ( Fig. 5.16 (f0085) ) and enhancement of
the synovial lining of these structures after injection of IV contrast
material. These abnormalities usually are accompanied by adjacent
cellulitis.

file:///storage/emulated/0/Android/data/net.imedicaldoctor.imd/files/3-s2.0-C20130189064/base/f0085


Fig. 5.16

Infected tenosynovitis and bursitis. A , Fat-saturated T1 coronal image of

the hand after IV administration of gadolinium. Di�use thickening and

enhancement of the �exor tendon sheath ( arrowheads ) were found to
represent septic tenosynovitis in this patient. B , Fat-saturated T1 axial image

of the hand after IV administration of gadolinium. The dark �exor tendons (

arrow ) are surrounded by low signal �uid (pus) and markedly enhancing

tenosynovium. C , STIR sagittal image of the knee (di�erent patient than in A

and B ). The prepatellar bursa is distended with material displaying
heterogeneous signal intensity. This was subsequently found to be infected.

Pyomyositis (Infectious Myositis)



Pyomyositis is very rare, but it can result from penetrating trauma
or from hematogenous seeding. In adults, pyomyositis most
commonly a�ects IV drug abusers or immunocompromised patients.
In a�ected children, an underlying medical condition is less
commonly present. S. aureus is the most common causative agent.
Lesions are multifocal in about half of patients.

The disease typically produces three clinical stages:

1. Invasive stage, in which the bacteria invade the muscle

2. Purulent stage, in which intramuscular abscesses form

3. Late stage, in which more severe systemic �ndings, such as
septic shock, are common

In the invasive stage, MRI shows muscle enlargement with
intermediate signal intensity on T1W images and increased signal
intensity on T2W images. Associated changes of cellulitis
occasionally may be present. In the purulent phase, solitary or
multiple abscesses are seen ( Fig. 5.17 (f0090) ). Abscesses usually
demonstrate an enhancing rim on contrast-enhanced T1W image.
An intermediate to high signal intensity rim also has been described
on T1W images without contrast in muscle abscesses (the penumbra
sign described previously); however, these �ndings are not speci�c,
and the precise diagnosis is usually obtained by aspiration of �uid
or biopsy and culture of an abnormal muscle. MRI is useful for
directing therapy because antibiotics alone are often su�cient to
treat the early stage of the disease, whereas percutaneous or
surgical intervention is often required in the later stages.
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Fig. 5.17

Pyomyositis. Fat-saturated T1 axial image of the shoulder after IV

administration of gadolinium. There is patchy enhancement throughout the
mid-to-posterior deltoid muscle with a focal intramuscular abscess in this 27-

year-old immunocompromised man shown to have pyomyositis. Note the

thick enhancing wall of the abscess ( large arrow ) surrounding the

nonenhancing �uid centrally. There also is prominent enhancement along the

super�cial ( arrowheads ) and deep ( small arrows ) fascial layers.

Necrotizing Fasciitis ( Box 5.6 (b0035) )

Necrotizing fasciitis is associated with a high mortality rate and
represents a surgical emergency. Early diagnosis and extensive
débridement are associated with improved prognosis. Due to the
need for timely surgical intervention, MRI is rarely used as a
diagnostic tool. The utility of MRI is in distinguishing cellulitis from
necrotizing fasciitis. In cellulitis, abnormal signal intensity is seen
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con�ned to the subcutaneous fat. With necrotizing fasciitis, the
abnormal signal intensity extends into the deep fasciae between
muscles and occasionally into muscles. The abnormal signal
intensity is best shown on STIR images. Linear high signal intensity
is seen within the super�cial and the deep fasciae from fascial
necrosis. The associated muscle involvement, when present, is
identi�ed as poorly de�ned areas of high signal intensity on T2W or
STIR images within the muscles, with or without hyperintense �uid
collections representing abscesses ( Fig. 5.18 (f0095) ).

BOX 5.6

Necrotizing Fasciitis

Deep Fasciae

• T2: High signal intensity

• T1 with contrast: High signal intensity

Subcutaneous Fat

Di�use reticulations

T2 and T1 with contrast: Increased signal intensity

Muscle

• T2 and T1 with contrast: Increased signal intensity

Abscess in Muscle

• T2: Increased signal intensity

• T1 postcontrast: Rim enhancement with decreased signal
intensity center
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Fig. 5.18

Necrotizing fasciitis. A , STIR axial image of the thigh. There is

intermuscular fascial edema, subcutaneous edema, and intramuscular di�use

edema, all manifested as high signal intensity. In addition, there are two
focal areas of high signal within muscle ( arrows ) from abscesses. Only

intermuscular and subcutaneous high signal are required to make the

diagnosis. B , T1 contrast-enhanced axial image of the thigh. There is mild

di�use enhancement of the muscle surrounding the two low signal abscesses

( arrows ). The other manifestations of this in�ammatory process are masked
with this sequence.

Muscle involvement is not required to make the diagnosis, but
fascial involvement is. Postcontrast T1W images show enhancement
in the fascial planes, focal enhancement of the a�ected muscles,
and peripheral enhancement of the abscess cavities corresponding
to the �ndings seen on STIR images. Contrast administration is not
necessary to make the diagnosis in suspected cases of necrotizing
fasciitis and may underestimate the extent of disease due to poor
perfusion of devitalized and necrotic tissue. It is often helpful,
however, for identifying associated abscesses.



A word of caution: The MRI �ndings in necrotizing fasciitis are
nonspeci�c and can be seen in other, less aggressive processes.
Correlation with clinical �ndings is extremely important to
determine the signi�cance of the imaging �ndings. Given the high
morbidity and mortality of this disease, if the clinical appearance is
worrisome, early surgical intervention directed to the abnormal
areas on MRI is usually indicated.

Septic Arthritis
In the presence of a monoarticular in�ammatory process, the
diagnosis of a septic joint should always be considered as a
possibility ( Fig. 5.19 (f0100) ). Predisposing factors include diabetes,
corticosteroid therapy, debilitating diseases, and IV drug abuse. In
IV drug abusers, the sites of predilection are the acromioclavicular,
sternoclavicular, and sacroiliac joints and the spine ( Fig. 5.20 (f0105)

). Whenever the diagnosis of septic arthritis is considered clinically,
the joint should be aspirated for culture and sensitivity. In some
instances, such as tuberculous arthritis, a synovial biopsy may be
necessary to establish the diagnosis.
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Fig. 5.19

Septic arthritis: hip. STIR coronal image of the pelvis. There is a right hip

e�usion in this skeletally immature patient. Although this �nding is

nonspeci�c, the extensive �uid and edema involving the adjacent soft tissues

are highly suggestive of a septic hip, which was con�rmed clinically.



MRI �ndings of septic arthritis are not speci�c and are the same as
for any in�ammatory arthritis. Initially, there is joint e�usion and
synovitis; later on, joint space narrowing and erosions may appear (
Fig. 5.21 (f0110) ). The joint e�usion and synovitis are low signal
intensity on T1W images and high signal intensity on T2W images,
although synovitis is slightly higher signal intensity than joint �uid
on T1W images. After IV contrast administration, the joint e�usion
remains low signal intensity, whereas synovitis becomes high signal
intensity. Erosions are seen as marginal subchondral defects, low
signal intensity on T1W and high signal intensity on T2W images.
Adjacent soft tissue and bone marrow edema may be seen with a

Fig. 5.20

Septic arthritis: sacroiliac joint. A , T1 axial image of the pelvis. The black

cortical lines in the right sacroiliac joint are obliterated (compare with the

joint on the left). B , STIR axial image of the pelvis. Large bands of marrow

edema are present on either side of the right sacroiliac joint. There is high
signal within the joint and cortical destruction. Also, high signal is present in

the soft tissues anterior to the joint and right iliac wing. Small areas of

marrow edema are present on the posterior aspect of the left sacroiliac joint (

open arrow ) in this drug abuser with septic joints. C , T1 contrast-enhanced

with fat suppression axial image of the pelvis. Almost identical features to the
STIR image are seen, indicating hyperemia from infection but no abscess

formation. The high signal seen in the anterior soft tissues ( arrowheads ) is

from either cellulitis or reactive hyperemia. There is bone marrow edema,

granulation tissue, or synovitis in the joint, and cortical erosions and early

changes of infection in the left sacroiliac joint ( open arrow ).
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septic joint; these �ndings generally indicate a sympathetic
hyperemia with edema, but occasionally, the bone or soft tissues
adjacent to the infected joint may also be infected.

Fig. 5.21

Septic arthritis: elbow. A , Fat-saturated T2 sagittal image of the elbow. The

joint is markedly distended with irregular, heterogeneous tissue. Note also
the small erosion along the olecranon ( arrowhead ) and the faint marrow

edema throughout the distal humerus and proximal ulna. B , Fat-saturated T1

sagittal image of the elbow after IV administration of gadolinium. Thick

enhancing synovium extends throughout the joint surrounding nonenhancing

pockets of purulent material in this infected elbow ( arrowheads ). A loculated
collection also is present within the extra-articular soft tissues anteriorly (

arrow ). The lack of enhancement in the trochlea (T) is compatible with an

abscess or devitalized bone.



Clinical evaluation of a child presenting with hip pain can be
particularly challenging because transient synovitis may mimic a
septic hip. Ultrasound or MRI usually demonstrates an e�usion in
both conditions. The presence of associated abnormal marrow
signal intensity and the �nding of decreased perfusion of the
femoral head on contrast-enhanced, fat-suppressed T1W images
have been reported to be more suggestive of a septic joint,
however. In the case of other infectious entities that may mimic a
septic hip, such as pyomyositis or osteomyelitis, MRI can help to
di�erentiate these conditions and direct appropriate therapy.
Despite the usefulness of MRI in this scenario, if the clinical
suspicion of a septic hip is high enough, image-guided aspiration is
indicated.

Miscellaneous Conditions
Conditions that warrant special consideration include infection
associated with foreign bodies, chronic recurrent multifocal
osteomyelitis, AIDS, and the diabetic foot.



Foreign Bodies
Soft tissue or intra-articular foreign bodies may cause an infection.
These foreign bodies are most often wood, thorns, or glass and are
usually not radiopaque. Their sites of predilection are the feet and
hands. Foreign bodies in the soft tissues create an in�ammatory
reaction (cellulitis) and eventually may lead to the formation of an
abscess cavity or a sinus tract to permit the extrusion of the foreign
body. The foreign body ultimately may cause osteomyelitis.

On MR images, foreign bodies are low signal intensity on all
sequences and can be very subtle in appearance. Generally, they are
linear in shape, which is a helpful criterion for identi�cation. On
T2W images, foreign bodies are often surrounded by high signal
intensity, representing granulation tissue, cellulitis, or abscess ( Fig.

5.22 (f0115) ). IV contrast material may increase the conspicuity of
foreign bodies, which remain low signal intensity, surrounded by
di�use increased signal intensity in the case of granulation tissue or
cellulitis, or abscess cavity, which remains low signal intensity
except in its periphery.
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Fig. 5.22

Foreign body: soft tissues. A , Fat-saturated T2 axial image of the hand.

There is a focal region of high signal intensity ( arrow ) adjacent to the �exor

pollicis longus tendon ( arrowhead ) in the palmar soft tissues of the hand.

This 3-year-old child had fallen in the woods, and although a foreign body
was suspected, it was not palpable on examination at the site of clinical pain

and swelling. A small, linear, low signal structure representing a foreign body

(wood) is present in the center of the lesion ( arrow ). The high signal may be

from focal cellulitis, abscess, or granulation tissue. B , Ultrasound of the

hand. The location of the splinter was con�rmed on a targeted ultrasound
scan of this region.

Intra-articular foreign bodies are not as common as soft tissue
foreign bodies, but they usually generate a marked reactive
synovitis. On T1W images the foreign bodies, synovitis, and joint
e�usion are low signal intensity, although the foreign bodies may
be even lower signal intensity than the surrounding �uid. On T2W
images foreign bodies remain low signal intensity, whereas the joint
e�usion and the synovitis become high signal intensity. A high



index of suspicion is necessary to identify foreign bodies, and their
linear shape is a helpful clue for their identi�cation ( Fig. 5.23 (f0120)

; see Fig. 5.22 (f0115) ).

Fig. 5.23

Foreign body: articular. A , T2* coronal image of the elbow. A linear

foreign body ( open arrow ) is seen adjacent to the posterior ulna within the
elbow joint. This was a thorn from a rosebush. High signal synovitis and joint

e�usion and bone erosion in the ulna from the in�ammatory process are

present. B , T2* axial image of the elbow. The tremendous synovitis and joint

e�usion are evident ( arrowhead ). An enlarged lymph node is noted ( arrow ),

as are bone erosions in the humerus ( open arrow ).

Chronic Recurrent Multifocal Osteomyelitis
Chronic recurrent multifocal osteomyelitis is a chronic
osteomyelitis, usually a�ecting children and young adults. Any
skeletal site can be involved, but there is a predilection for
symmetrical involvement of the metaphyses of the lower extremity
and/or the medial ends of the clavicles. Patients complain of pain
and swelling in the a�ected areas, and 40% of patients may have
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palmoplantar pustulosis. This entity is included in the group of
disorders designated as SAPHO (synovitis, acne, pustulosis,
hyperostosis, and osteitis) syndrome. Laboratory �ndings are not
speci�c, and blood and bone cultures are usually negative.
Histologically, the osteolytic portion of the lesion contains a
predominance of plasma cells, and the term plasma cell osteomyelitis
has been used for this condition. The dominant radiographic feature
is sclerosis, in combination with a variable amount of osteolysis and
periostitis. No characteristic MRI �ndings have been described. The
entity should be considered in the presence of multifocal
involvement or when the medial end of the clavicle is a�ected.

AIDS
Patients with HIV infection are immunocompromised and are at an
increased risk for bacterial and fungal infections. These patients are
predisposed to osteomyelitis, septic arthritis, and pyomyositis with
MRI changes as described previously. A rare form of osteomyelitis
that has a higher incidence in AIDS patients is bacillary
angiomatosis, caused by a gram-negative microorganism. Patients
usually present with skin lesions characterized by multiple
angiomatous papules. The bone lesions consist of multiple
osteolytic foci involving cortex and medullary cavities, associated
with soft tissue masses. The tubular bones of the extremities—in
particular, the tibia—are the sites of predilection.

Radiographic �ndings of bacillary angiomatosis consist of poorly
de�ned and well-de�ned cortical osteolytic defects associated with
a variable amount of medullary osteolysis, sclerosis, and periosteal
reaction. On MR images, lobulated soft tissue masses adjacent to
cortical defects can be identi�ed. These masses are intermediate



signal intensity (higher than muscle) on T1W images and high
signal intensity on T2W images. In addition to the cortical
destruction and soft tissue masses, changes consistent with
osteomyelitis in the adjacent marrow are evident.

Diabetic Foot Infection ( Box 5.7 (b0040) and Tables
5.1 and 5.2 (t0010) )

Foot disease is common in people with diabetes and is usually
related to one or more of the following: vascular disease, infection,
neuroarthropathy, and tendon rupture. MRI has proved to be
extremely valuable for assessing these conditions.

BOX 5.7

Features of Osteomyelitis in Diabetic Feet

Virtual Requirements

• Abnormal marrow signal on T1 and T2

• Soft tissue ulcer or sinus tract overlying the abnormal
bone and usually located at predictable pressure points
(�rst and �fth metatarsal heads, calcaneal tuberosity, distal
phalanges of toes, malleoli of ankles)

Other Possible Findings

• Cortical destruction (loss of the black cortical line)

• Intraosseous �uid collection (abscess)

• Sequestrum

• Soft tissue cellulitis, abscesses
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• Adjacent joint e�usion

Table 5.1

Marrow Signal Abnormalities in Diabetic Feet

T1
Marrow
Signal

T2 (STIR)
Marrow
Signal

Diagnosis

↑ (fat) ↓ Definitely no osteomyelitis

↑ (fat) ↑ Mild reactive marrow edema, no osteomyelitis

↓ ↑ Differential diagnosis

Osteomyelitis

Reactive marrow edema (marked)

Acute neuropathic changes (use location of
lesions to help distinguish, and sharpen your
biopsy needles to prove)

Table 5.2

Diabetic Dilemma

Osteomyelitis Neuroarthropathy

Location Adjacent to
ulcers at
pressure points

Always involves joints

Metatarsal
heads (first and
fifth)

Tarsometatarsal (Lisfranc)
joints and adjacent bones

Calcaneal
tuberosity

Talonavicular and
calcaneocuboid (Chopart)
joints and adjacent bones



Osteomyelitis Neuroarthropathy

Distal
phalanges of
toes

Ankle and subtalar joints and
adjacent bones

Malleoli of
ankle

May or may not
involve joints

Other features Cortical
destruction

Bone fragmentation

Sequestrum Malalignment

Intraosseous
fluid collection
(abscess)

Nondiscriminatory
features

Joint effusion Joint effusion

Soft tissue
edema

Soft tissue edema

Bone marrow
edema

Bone marrow edema

Periosteal
reaction

Periosteal reaction

Infection in people with diabetes is usually the result of a soft tissue
injury, typically followed by cellulitis; the infection may remain
limited to the soft tissues, extend to adjacent bone, or spread
proximally within anatomic compartments or via tendon sheaths (
Fig. 5.24 (f0125) ). Soft tissue ulcerations usually are found under
pressure areas of the foot, such as the plantar soft tissues beneath or
adjacent to the �rst and �fth metatarsal heads, the calcaneal
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tuberosity, the distal phalanges, and the malleoli. These ulcers are
seen in most patients with diabetes who have foot infections, and
osteomyelitis rarely is present without associated soft tissue ulcers.

Fig. 5.24

Diabetic foot infection: proximal spread via tendon sheath. A , Fat-

saturated T1 sagittal image of the foot after IV injection of gadolinium. A

nonenhancing sinus tract ( arrow ) extends from a cutaneous ulcer to the

underlying �exor hallucis longus tendon sheath, which is mildly distended (

arrowhead ). B , Fat-saturated T1 sagittal image of the foot after IV injection
of gadolinium. Distention of the tendon sheath is identi�ed in the midfoot (

arrows ), compatible with proximal spread of infection.

Ulcers can be identi�ed on MRI as soft tissue defects of low signal
intensity on T1W and T2W images. Cellulitis usually is associated
with the soft tissue ulcers and is identi�ed on MRI as di�use areas
of low signal intensity on T1W and high signal intensity on T2W
images, with enhancement after gadolinium administration. Osteitis
can be identi�ed on MR images as blurring or destruction of the
black cortical line on all pulse sequences, and osteomyelitis can be
identi�ed as abnormal low signal intensity marrow on T1W and



high signal intensity on STIR images, with enhancement after
gadolinium administration. Abnormal signal intensity in the bone
marrow is not speci�c for infection, however, and can be seen with
neuroarthropathy or from aseptic marrow edema (sympathetic
reaction) secondary to hyperemia from the adjacent soft tissue
in�ammatory process. The presence of increased signal intensity
within the plantar musculature is a �nding that can be seen in
diabetic feet and should not raise concern of an infectious myositis,
but rather the microangiopathic change in diabetes resulting in
peripheral neuropathy and neurogenic muscle changes.

MRI is useful for di�erentiating between these entities. Absence of
bone marrow changes on T1W and STIR images excludes the
diagnosis of osteomyelitis ( Fig. 5.25 (f0130) ). If abnormal bone
marrow signal intensity is identi�ed, one or more of the following
changes signi�cantly increases the diagnostic con�dence of
osteomyelitis in a diabetic foot ( Fig. 5.26 (f0135) ):

1. Cutaneous ulcer overlying the bone abnormality

2. Sinus tract extending to bone

3. Cortical destruction

4. Intramedullary abscess

5. Sequestrum formation
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Fig. 5.25

Diabetic foot: ulcer, no osteomyelitis. STIR sagittal image of the hindfoot.

There is a large soft tissue defect (ulcer) within the plantar heel pad ( arrow ).
The lack of signal abnormality in the underlying calcaneus excludes any

associated osteomyelitis.



Fig. 5.26

Diabetic foot infection: contiguous spread. A , T1 long-axis image of the

forefoot. Di�usely abnormal signal intensity and marked bone destruction are

present in the phalanges of the great toe. B , Fat-saturated T2 long-axis image

of the forefoot. Increased signal extends throughout both bones with marked
narrowing of the interphalangeal joint compatible with a septic joint and

adjacent osteomyelitis. C , Fat-saturated T1 long-axis image of the forefoot

after IV injection of gadolinium. A low signal sinus tract ( arrow ) extends to

a small cutaneous ulcer, well shown because of the enhancing tissue along its

margins.



Certain features help distinguish acute neuropathic changes from
diabetic foot infections. Neuroarthropathy always a�ects joints. It
often is associated with bone fragmentation and subluxation. The
most common sites of involvement are the tarsometatarsal joints
(Lisfranc joint), the talonavicular and calcaneocuboid joints
(Chopart joint), and the subtalar joints. A biopsy is indicated
whenever imaging features are inconclusive for either osteomyelitis
or neuroarthropathy.
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