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KEY POINTS

� Whole-body (WB) magnetic resonance (MR) imaging plays an essential role in detecting and eval-
uating the extent of rheumatic disorders affecting the musculoskeletal system, as well as the activ-
ity of these diseases and their responses to treatment.

� Numerous multifocal skeletal and neuromuscular disorders benefit from the extended coverage
and sensitivity of WB MR imaging to soft tissue alterations for disease diagnosis, quantification,
and follow-up.

� The evolution and acceleration of sequences extend the indications of WB MR imaging as a nonin-
vasive, nonirradiating tool in many musculoskeletal disorders, making older irradiating modalities
obsolete in many settings.
INTRODUCTION

Whole-body (WB) magnetic resonance (MR) imag-
ing has been the focus of research of many studies
during the last 2 decades. This imaging modality
offers a large coverage of the skeleton and has a
high sensitivity to bone alterations, proving to be
effective for the detection of skeletal involvement
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by oncologic diseases, especially metastases
from solid tumors, lymphoma, and multiple
myeloma,1–7 and evaluation of their responses to
treatment.8–10

Advances in imaging techniques and hardware
development have been continuously optimizing
the coverage of the examinations and shortening
their durations.11 The sensitivity of MR imaging
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to alterations in tissues such as bone marrow,
joints, muscles, ligaments, and tendons, has led
to a growing number of applications for this tech-
nique outside oncology, from spondyloarthropa-
thies and peripheral seronegative arthritis to
other systemic diseases and rheumatic condi-
tions, and, lately, in numerous neuromuscular
disorders.12

This article highlights the applications of WBMR
imaging outside oncology, including rheumato-
logic disorders, muscle disorders, and bone disor-
ders. Other emerging imaging applications outside
these fields are overviewed. In addition, it illus-
trates the most appropriate MR imaging protocols
for each disorder and the upcoming promising role
of WB MR imaging in the near future.

RHEUMATOLOGIC DISORDERS
Inflammatory Rheumatisms

Rheumatologic disorders are the most established
nononcologic indication of WB MR imaging, espe-
cially seronegative rheumatisms, including axial
spondyloarthropathies; psoriatic arthritis (PsA);
and, less frequently, reactive arthritis, enteropathic
arthritis, and undifferentiated spondyloarthritis.
WB MR imaging may be said to cover the body
from eyes to thighs, which may be sufficient in
the evaluation of patients with ankylosing spondy-
loarthritis (AS) or, more rarely, from head to toes,
when the disorder affects distal extremities, as in
PsA. Optimized protocols have been developed
Fig. 1. WB MR imaging from a 33-year-old male patient
inversion-recovery (STIR) MR imaging (A–C) shows extensiv
with chondrosternal joint (arrowhead in A), midthoracic v
bral (arrowheads in B and C) involvement. Sagittal STIR M
the thoracolumbar junction (arrows in E), extensive endp
in E), and severe involvement (arrowheads in D and F) o
costovertebral joints (arrowheads in D and F).
to cover the upper extremities positioned behind
the back or on the abdomen.13

Ankylosing spondyloarthritis
AS (Fig. 1) typically affects the sacroiliac joints
(SIJs) and the discovertebral junctions but may
also involve peripheral joints and entheses. Estab-
lished structural lesions include erosions and new
bone formation and can evolve to ankylosis. These
lesions are accessible to radiographic examina-
tion. MR imaging has extended the sensitivity of
imaging tools to prestructural early inflammatory
changes taking the form of bone marrow edema
(BME) adjacent to joints and discs, enthesitis,
and synovitis. In contrast, MR imaging also allows
the detection of late chronic and structural
changes such as erosions, new bone formation,
and ankylosis.
MR imaging of the SIJ and lumbar spine is the

modality of choice for early detection of AS and
assessment of the response of the disease to
treatment.14–16 MR imaging is sufficient to estab-
lish the diagnosis of AS in most patients. Subchon-
dral BME at the level of the SIJ reflects active
inflammation and is a major diagnostic criterion
for AS.17 The diagnosis requires the presence of
BME on 2 consecutive sections or 2 distinct
BME areas in the same section.18 At the chronic
stage or after treatment, BME is replaced by fatty
infiltration of the marrow, followed by the develop-
ment of erosions, sclerosis, and, eventually, anky-
losis.19 At the spinal level, at least 3 typical lesions
with AS. Anterior to posterior WB coronal short-tau
e sacroiliac joint (SIJ) inflammation (arrows in B), along
ertebral endplates (arrowheads in B), and costoverte-
R imaging (D–F) shows vertebral angle involvement at
late involvement at the midthoracic level (arrowhead
f the lateral portion of the vertebral endplates and
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of the anterior or posterior corners are required to
establish the diagnosis of inflammatory disease
and avoid confusion with degenerative disc dis-
ease, which is a frequent condition.20

WB MR imaging has the potential advantage of
extending the screening of active and chronic le-
sions of bone margins, joints, tendons, and enthe-
ses to the entire axial and peripheral skeleton.14 It
allows the detection of potentially subclinical le-
sions within the entire spine, pelvis, shoulders,
and extremities.21 Extra-axial lesions are found in
half of the patients, consisting most frequently in
peripheral synovitis and enthesitis.16 AS frequently
involves the anterior thoracic wall, particularly the
manubriosternal and sternoclavicular joint, and
the chondrosternal and chondrocostal junctions
(see Fig. 1).22 WB MR imaging has driven the
attention to specific spine lesions in AS, such as
the involvement of costovertebral junctions, the
most lateral endplates margins, and the posterior
ligaments.12 Hip involvement by synovitis, bursitis,
or enthesitis is also frequent and parallels the dis-
ease activity.23 In addition, the ability of WB MR
imaging to detect AS lesions and be used to
monitor them in active and chronic/nonactive
stages makes it a valuable resource in staging
and evaluating the therapeutic response of the
disease.24,25

The major roles of WB MR imaging in AS are the
improvement of diagnostic confidence in patients
with negative or ambiguous SIJ observations and
the evaluation of the disease activity in the periph-
eral skeleton in centrally ankylosed disease and
the peripheral dominant or exclusive forms of the
disease.12

Juvenile spondyloarthritis
Juvenile spondyloarthritis (JSA) is a subtype of ju-
venile idiopathic arthritis associated with the hu-
man leukocyte antigen B27 antigen. JSA differs
from adult spondyloarthritis by predominantly
involving entheses and peripheral joints, mainly
of the lower limbs, and its infrequent early involve-
ment of the axial skeleton, which is later affected
during the course of the disease.26,27 WB MR im-
aging may demonstrate BME and perientheseal
soft tissue involvement, synovitis, and joint or
bursal fluid. Hips, knees, and ankles are most
frequently affected, and tarsitis is a characteristic
manifestation of the disease.28 Synovitis, soft tis-
sue edema, and perientheseal and joint/bursal
fluid help distinguish JSA from edemalike findings
of the bone marrow that may be seen as a normal
variant in healthy children.28 Arthritis affecting the
hips, cervical spine, ankles, or wrists are well-
known features of poor prognosis, irrespective of
other factors.29
Early and accurate disease detection, and espe-
cially the detection of factors of poor prognosis in
the disease, is essential for appropriate treatment
selection. WB MR imaging is now available as a
tool for early disease detection in AS and for moni-
toring activity and guiding therapy initiation and
discontinuation.28

Psoriatic arthritis
MR imaging is very effective in detecting synovitis
and enthesitis in PsA.30 In addition to the evalua-
tion of the axial skeleton, WB MR imaging can
detect and monitor alterations of tenosynovial
sheaths and entheses, and may play an important
role in therapeutic decisions and evaluation of
treatment response.31

Rheumatoid arthritis
Rheumatoid arthritis involves mainly the feet and
hand joints, but, as a systemic inflammatory dis-
ease, it may also affect any joint, tendon, or enthe-
sis in the body. Dedicated MR imaging is highly
sensitive in assessing andmonitoring disease activ-
ity, structural changes, and therapeutic response in
rheumatoid arthritis.32 Recent research has shown
that WBMR imaging can be useful in the evaluation
of total inflammatory disease load and monitoring
of disease activity in axial and peripheral joints
and entheses simultaneously.33

Systemic Sclerosis

Systemic sclerosis (SSc) or scleroderma is a sys-
temic rheumatic disease characterized by inflam-
mation followed by fibrosis of the skin and
subcutaneous tissue, with the potential to also
affect other tissues, including muscles, joints,
and tendons. Deep vital organs, such as the lungs,
heart, esophagus, gut, and kidneys, are frequently
involved and affect the prognosis of the disease.
Joint and tendon involvement predicts disease
progression and muscle involvement and has
prognostic value, because it correlates with le-
sions in vital organs, especially lung fibrosis and
myocarditis.34,35 WB MR imaging can detect a
wide variety of musculoskeletal involvement in
SSc, including myositis, synovitis, tenosynovitis
fasciitis, and enthesitis (Fig. 2).36 This involvement
is often generalized and mostly symmetric; it is
present in more than 50% of the patients and cor-
relates with the risk of organ damage.37 WB MR
imaging can also be used to monitor treatment
response by detecting changes in fascial and sub-
cutaneous thickening and fascial enhancement.38

Polymyalgia Rheumatica

Polymyalgia rheumatica (PMR) is a clinically diag-
nosed rheumatologic disorder associated with a



Fig. 2. WB MR imaging from a 53-year-old woman with a severe form of diffuse SSc with myocardial and peri-
cardial involvement, presenting with tendon friction rubs, synovitis, tenosynovitis, and reduced range of motion
in shoulders and ankles. Coronal (A) and transverse (B–D) STIR MR imaging reveals extensive musculoskeletal
involvement with concurrent involvement of the muscles (arrows), fascias (arrowheads), and subcutaneous tissue
at the level of the scapular and pelvic girdles (asterisks), thoracic and abdominal walls, and lower limbs.
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moderate biological inflammatory syndrome and
characterized by pain and stiffness affecting the
shoulder and pelvic girdles. The symptoms typi-
cally show a rapid and impressive response to glu-
cocorticoids. PMR has been regarded as a
synovial disease but corresponds more with a
periarticular and articular inflammatory process,
whereas the presence of extrasynovial features
such as bursitis and tendonitis has also been high-
lighted.39 Facing uncertain clinical diagnosis, WB
MR imaging may also be used to rule out other dis-
orders. However, WBMR imaging might be a valu-
able tool for a positive diagnosis because
extracapsular changes may be regarded as a
distinctive feature of PMR, especially when
observed around the greater trochanter and ischial
tuberosity, in the periacetabular space, and below
the symphysis pubis, with no BME.40 The short-
tau inversion recovery (STIR) sequence seems to
be the most useful sequence to highlight these ab-
normalities (Fig. 3). The observation of these fea-
tures identifies a subset of patients who are more
responsive to glucocorticoid treatment. The diag-
nostic value of WB MR imaging in this indication
must be compared with that of 18-fluorodeoxyglu-
cose (18-FDG) PET/computed tomography, which
shows similar findings (see Fig. 3).
SKELETAL MUSCLE DISORDERS
Idiopathic Inflammatory Myopathies

Idiopathic inflammatorymyopathies (IIMs) are a het-
erogeneous group of autoimmune disorders char-
acterized by nonsuppurative muscle inflammation,



Fig. 3. WB MR imaging from a 52-year-old female patient with polymyalgia rheumatica. Coronal STIR MR imag-
ing (A, B) shows bilateral shoulder involvement with inflammatory infiltration of the periarticular soft tissues and
synovitis (arrows in A), hip involvement with peritrochanteric infiltration (arrowheads in A), and bilateral ischiatic
tenosynovitis/bursitis (arrowheads in B). Corresponding reformatted coronal views of 18-fluorodeoxyglucose PET
images (C, D) show the same lesions.
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which sometimes affects extramuscular tissues.
This group includes dermatomyositis (DM), poly-
myositis (PM), inclusion body myositis (IBM), necro-
tizing myopathy, and overlap myositis. In
necrotizing myopathy, the muscular disorder is
associated with a connective tissue disease.

DM, the most frequent type of IIM, affects the
muscles and the skin. The onset of DM occurs in
childhood, and the disease is more common in
girls than in boys.41 PM affects young adults and
does not involve the skin. DM and PM present
with muscular weakness, which is more pro-
nounced proximally. IBM affects older male pa-
tients and typically involves the distal muscles of
the upper limbs and proximal muscles of the lower
limbs.42 DM, PM, and IBM may be paraneoplastic
observations associated with malignancy.43

MR imaging is very sensitive in detecting active
muscle inflammation manifested by a high signal
on STIR or water T2 Dixon images.44 This method
is more routinely used as an adjunct diagnostic
test, along with clinical manifestations and biolog-
ical tests such as measurement of muscle enzyme
levels. Later in the disease course, MR imaging
detects muscle atrophy and fatty involution, which
correspond with less active advanced disease.
This method also has an important role in guiding
muscle biopsy, which is the gold standard for
diagnosis of IIM, preventing false-negative results
and repeated biopsies. Muscle biopsy should be
directed to a site of muscle edema and minimal
fatty infiltration.45 In early forms of the disease in
which IIM is suspected despite normal muscle
strength and minimal alterations in serum levels
of muscle enzyme, MR imaging can be useful in
detecting subclinical muscle changes and offers
an opportunity for early treatment. In addition,
this method allows noninvasive evaluation of treat-
ment response (Fig. 4).

An advantage of WB MR imaging is its ability to
detect distal and patchy lesions that sometimes
are not assessed clinically and may be missed
with focused conventional MR imaging.46 This
method also reveals disease activity in muscles
that are difficult to examine clinically, detects sub-
cutaneous edema suggestive of DM, and may
detect occult malignancy in paraneoplastic
forms.47

In addition, WB MR imaging may help differen-
tiate between the types of IIM based mainly on
the distribution of muscle involvement. DM pre-
sents with proximal symmetric involvement of the
hip and shoulder girdles, frequently the quadriceps
femoris, with edema of subcutaneous tissues and
fascia. PM involves the thigh muscles globally or
posteriorly, whereas IBM involves the thighs anteri-
orly.48 Muscular involvement is patchy in DM and
more diffuse in PM and IBM.49 IBM characteristi-
cally affects the distal upper limb and proximal
lower limb.44



Fig. 4. WB MR imaging from a 26-year-old woman with diffuse muscle pain and increased serum creatine kinase
level showing multifocal muscle abnormalities. Coronal (A, B) and transverse (C–F) STIR MR imaging shows severe
multifocal (almost diffuse) abnormal signal intensity areas (arrows) involving the muscles in the upper and lower
limbs. Dermatomyositis with autoantibodies was diagnosed after biopsy of an involved muscle (note the absence
of evident subcutaneous tissue abnormalities on WB MR imaging). Corresponding coronal (G, H) and transverse
(I–L) MR imaging after a 3-month treatment with high doses of glucocorticoids and methotrexate shows an
almost complete disappearance of the muscle abnormalities.
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Fig. 4. (continued)
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In addition to muscle inflammation and end-
stage muscle atrophy and fatty transformation in
IIM, WB MR imaging is also efficient in detecting
steroid-induced myopathies manifested by fatty
infiltration and muscle atrophy. In IIM, WB MR im-
aging detects side effects of steroid use, particu-
larly early osteonecrosis.50
Neuromuscular Diseases

WB MR imaging detects asymmetry of affected
areas or disease-specific patterns of distribution
within the body in neuromuscular disorders such
as Duchenne and Becker disease, myotonic dys-
trophies, facioscapulohumeral muscular dystrophy,
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and glycogen storage diseases.51–53 As in IIM,
application of WB MR imaging in these inherited
neuromuscular disorders offers valuable informa-
tion about disease burden, distribution, and
involvement of muscles difficult to assess clinically,
such as the trunk and paraspinal muscles. WB MR
imaging orients biopsy and targeted physiotherapy
or functional exercises, depending on the affected
muscles. It yields a baseline map of the affected
sites, which can be used on follow-up examinations
to estimate disease progression and treatment
efficacy.
MULTIFOCAL BONE DISORDERS
Synovitis, Acne, Pustulosis, Hyperostosis, and
Osteitis Syndrome and Chronic Recurrent
Multifocal Osteomyelitis

Synovitis, acne, pustulosis, hyperostosis, and
osteitis (SAPHO) and chronic recurrent multifocal
osteomyelitis (CRMO) comprise a complex family
of inflammatory disorders with a wide range of
clinical presentations, of which multifocal aseptic
osteitis is the main feature. In SAPHO, aseptic
osteitis is associated with a varying range of cuta-
neous lesions, hyperostosis, and synovitis. CRMO
usually consists of aseptic osteomyelitis, often
multifocal, observed in a synchronous or meta-
chronous fashion. CRMO is a pediatric condition,
whereas SAPHO tends to affect adults between
30 and 50 years of age.54,55 Many investigators
consider CRMO as the pediatric form of SAPHO.56

The cause of the disease is still unclear and most
likely involves a genetic predisposition with an
Fig. 5. WB MR imaging from a 38-year-old female patient
ciated with palmoplantar pustulosis). Coronal T1 (A) and S
(C) of the spine show concurrent bone lesions at the level o
(arrows in A–C) and suggest manubriosternal involvement
manubriosternal joint (D) confirms the involvement of thi
(arrows in D). Oblique coronal T1 and STIR images (E, F) of
the left iliac bone (arrows in E and F). The coexistence of b
with a clinical history of skin lesions, is pathognomonic o
autoinflammatory process,57 with infection by Pro-
pionibacterium acnes inconsistently proved in
cases of SAPHO.58

Patients usually present with nonspecific focal
or multifocal symptoms, including pain, swelling,
and limited motion, associated with nonspecific
serum biomarkers. Although it is possible to have
a single affected site, in most cases multiple clin-
ical or subclinical sites are affected at presentation
or later in the disease course.
SAPHO and CRMO share as common features

a multifocal skeletal involvement, and the obser-
vation of relapsing and remitting lesions typically
coexisting at different stages. WB MR imaging
may highlight several subclinical sites. These dis-
orders also have distinct features, such as the
predominant symmetric anterior chest wall
involvement in SAPHO, which mainly affects the
sternocostal joints, whereas chest wall involve-
ment is less frequent in CRMO and can be limited
to an isolated clavicular lesion. In CRMO, the most
frequently affected locations are the distal femoral
and tibial metaphyses; synovitis is not a charac-
teristic feature, and the involvement of the axial
skeleton is less frequent than in SAPHO.59–63

The appearance on MR imaging depends on the
lesion’s age and activity. BME and periosteal reac-
tions are seen in early active stages, whereas fatty
involution and sclerosis are characteristic of
chronic lesions (Fig. 5). Hyperostosis and paraver-
tebral enthesopathy may be observed in SAPHO.
The diagnoses of CRMO and SAPHO are made

by exclusion, because both often mimic other dis-
eases that must be ruled out, such as infectious
with SAPHO syndrome (multifocal aseptic osteitis asso-
TIR (B) MR imaging of the WB and sagittal STIR images
f the right and left iliac bone, and 1 thoracic vertebra
(arrowheads in C). Zoomed coronal STIR image of the
s joint (arrowheads in D) and the adjacent second ribs
the sacroiliac joints confirm an extensive lesion within
ony lesions and anterior chest wall involvement, along
f the disease.
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osteomyelitis, Ewing sarcoma, Langerhans histio-
cytosis, osteosarcoma, and leukemia, which ex-
plains why, along with the observation of typical
skin lesions, WB MR imaging has a major value
by showing multifocal involvement by the disease,
its characteristic distribution, and the concurrent
observation of active and chronic lesions.

Another important role of WBMR imaging is the
detection of asymptomatic or subclinical but
active disease or lesions, allowing early treatment
and preventing late complications such as
vertebra plana and kyphosis in children. Stan-
dardized evaluation can be used for the assess-
ment of progression, stability, and regression
during the disease course and evaluation of
therapeutic response.64

In addition, WB MR imaging has a major advan-
tage compared with bone scintigraphy (the classic
imaging technique in this setting), because it
avoids the use of ionizing radiations, especially
when considering the pediatric population. In this
population, WB MR imaging can easily reveal the
typical juxtaphyseal lesions that may be obscured
on scintigraphy by normal physiologic uptake of
the adjacent physis.59

Multifocal Avascular Osteonecrosis

Avascular osteonecrosis (AVN) is a potentially
disabling disorder that may lead to devastating
secondary arthropathy if early diagnosis and treat-
ment are missed, especially considering that early
stages are often asymptomatic.65 Its multifocal
form affects mainly young adults and children
treated with a high dose of corticosteroids for
rheumatologic or hematologic diseases.

Corticosteroid use is themost common cause of
multifocal osteonecrosis; other causes include
alcohol abuse, coagulopathies, systemic lupus er-
ythematosus, sickle cell disease, leukemia and
lymphoma, renal failure, and Sjögren disease.

MR imaging is the best imaging technique to
detect osteonecrosis, showing typical epiphyseal
ischemic areas delineated by a geographic rim of
low signal on T1-weighted MR imaging.66 WB
MR imaging allows, in a single examination, the
evaluation of all possible sites of osteonecrosis in
patients at risk and offers a diagnosis of preclinical
disease. The risk of collapse may be evaluated in
individual lesions to alert both clinician and patient
for an early reaction on clinical signs of epiphyseal
collapse and to allow early treatment and improve-
ment of the prognosis of the affected joints.50,67–69

Hereditary Multiple Exostoses

Hereditary osteochondromatosis or hereditary
multiple exostoses is an autosomal dominant
condition manifested by multiple benign osteo-
chondromas growing from flat bones or metaphy-
ses of long bones. Most cases are diagnosed in
the early teens.70 Patients may be asymptomatic
or show bone deformities and muscular or neuro-
vascular compression.

Malignant transformation is more common in
hereditary osteochondromatosis than in sporadic
osteochondromas, affecting 3% to 5% of the pa-
tients.70 This complication should be suspected
in patients with pain or tumor growth after puberty,
cortical destruction, soft tissue mass, and thick-
ened cartilage cap of more than 1.5 to 2 cm, as
measured by ultrasonography or MR imaging
studies.71

MR imaging can show so-called neobursitis or
soft tissue edema around the lesion in cases of
impingement or fracture of the stalk. Most impor-
tantly, this method is able to detect abnormal
thickness of the cartilage cap and possible exten-
sion within surrounding tissues in cases of malig-
nant transformation. Patients with multiple
exostoses require long-term follow-up because
of the higher risk of malignant transformation.
WB MR imaging may assess multifocal lesions,
especially lesions in which clinical examination is
limited, such as those in the trunk, and may pro-
vide a baseline cartography and quantification of
lesions for further systematic or clinically driven
follow-up (Fig. 6).72

Sarcoidosis

Sarcoidosis is a systemic disease that manifests
with noncaseating granulomas affecting the
bone, liver, spleen, lymph nodes, skin, muscles,
and the central nervous system. WB MR imaging
is a useful technique to assess these organs
(Fig. 7). Extrathoracic organ involvement is found
in 38% of the patients in WB MR imaging studies,
with frequent lesions within the skeleton and mus-
cles, which were probably underestimated before
the advent of MR imaging.73,74 WB MR imaging
may show disease extension and activity; the con-
current observation of active and old fatty lesion,
especially in the axial skeleton, helps in establish-
ing the differential diagnosis.75 WB MR imaging is
also helpful in the choice of active lesions as bi-
opsy targets.

Langerhans Cell Histiocytosis

Langerhans cell histiocytosis ranges from single-
organ involvement to a multisystemic disease
affecting children and adolescents and mostly
involving the skeleton. The radiographic appear-
ance of the lesions is variable, and the MR imaging
findings are nonspecific. Focal bone marrow



Fig. 6. WBMR imaging from a 22-year-old male patient with hereditary multiple exostoses. Coronal T1 (A, B) and
STIR (C, D) MR imaging of the WB shows severe deformities predominantly at the level of the hip and knee joints
(arrowheads in B and D) and involving the ribs (arrows in A and C) and the left iliac bone (arrows in B and D).
Dedicated transverse T1-weighted (E) and T2-weighted (F) MR imaging shows lesions of the proximal femurs
and allows delineation and measurement of the cartilage caps of the exostoses (arrow in F); these caps remain
very thin, ruling out malignant degeneration.
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replacement is the usual MR imaging finding, and
perilesional edema may be seen in aggressive le-
sions. Skeletal histiocytosis is a great mimicker
and should always be considered in the differential
diagnosis of multifocal bone lesions in a child or
adolescent. As in osseous sarcoidosis, the con-
current observation of active and quiescent le-
sions helps in the differential diagnosis with
malignancies, although a biopsy may remain
necessary. WB MR imaging helps to assess the
extent of the disease, including asymptomatic le-
sions and extraskeletal lesions, and is more sensi-
tive than radiography. Comparisons are ongoing
with PET for lesion detection and monitoring.76–78

Polyostotic Fibrous Dysplasia

Polyostotic fibrous dysplasia (PFD) is a nonneo-
plastic skeletal disorder that affects children and
is characterized by multifocal proliferation of fibro-
osseous tissue in the medullary space. The lesions
are usually asymptomatic unless pathologic frac-
tures, deformities, or compression of adjacent
structures occur. PFD can be associated with pre-
cocious puberty and café-au-lait spots (McCune-
Albright syndrome), intramuscular myxomas
(Mazabraud syndrome), and endocrinopathies.
The findings of PFD on MR imaging are nonspe-

cific and must be confirmed by radiography once
the diagnosis is established. WB MR imaging
may be used to evaluate the disease extension
and as a baseline assessment for longitudinal
monitoring, which may be triggered by the occur-
rence of symptoms, because the disease may pre-
sent evolutive phases and complications, mainly
pathologic fractures, which may be present
insidiously.79

OTHER APPLICATIONS AND PERSPECTIVES
Peripheral Nerve Tumors

WB MR imaging has been used to assess tumor
extent and to monitor extensive tumors involving
peripheral nerves, such as those in neurofibroma-
tosis (Fig. 8). Advances in imaging techniques and
optimal application of anatomic and diffusion-
weighted imaging sequences may offer a valuable
approach for morphologic and volumetric analysis
of the tumors and an effective tool for detection of
malignant transformation.80,81

Vascular Malformations

Hemangiomas and lymphangiomas can affect
almost every organ, including the skeleton. WB
MR imaging is a noninvasive tool for mapping,
quantifying, and monitoring these malformations
after treatment, regardless of their extension and
the involved organs.82,83 Fig. 9 shows Parkes
Weber syndrome.



Fig. 7. WB MR imaging from a 34-year-old woman presenting with sarcoidosis. Anterior coronal T1 (A), STIR (B),
and diffusion-weighted (C) MR imaging shows bone lesion (arrows) in the manubrium sterni, and inguinal lymph-
adenopathies (arrowheads). More posterior coronal slices (D–F) show bone lesion (arrows) in the spine and pelvis,
and mediastinal lymphadenopathies (arrowheads). The coexistence of lymphadenopathies involving the medias-
tinum and inguinal areas is suggestive of sarcoidosis, although other malignant conditions, especially lymphoma,
should be ruled out.
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Fig. 8. Plexiform neurofibroma in a 16-year-old patient with neurofibromatosis type I. Coronal STIR-weighted im-
age (A) and WB MR imaging (B) showing the involvement of the soft tissues, muscle groups, and skin of practi-
cally the entire left inferior limb, leading to hypertrophy and deformity. Note on angio-MR imaging (C) the
tortuosity of the vessels.
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Body Fat Mapping

WB MR imaging using a T1 gradient recalled echo
(GRE) Dixon sequence has been increasingly used
Fig. 9. Parkes Weber syndrome. WB MR imaging corona
showing the enlargement of the right inferior limb caused
rows). Note on angio-MR imaging (C) the arteriovenous m
for total body fat quantification and distribution
assessment.84 Themain applications ofWBMR im-
aging in this setting are monitoring and treatment of
l T1-weighted images (A) and axial STIR images (B)
principally by arteriovenous malformation (white ar-

alformation without an important fistula component.
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patients with obesity and metabolic syndrome, but
this method may also be used in training programs
of athletes or in syndromes with lipodystrophy,
such as neonatal progeroid syndrome, in which
generalized loss of subcutaneous fat is a cardinal
feature.85

Specific Pediatric Applications

In pediatrics, continuous development of the WB
MR imaging technique and improvement of this
method’s sensitivity allow newer applications,
including evaluation of fractures/BME and organ
injury in nonaccidental trauma,85 pathologic frac-
tures in susceptible children (such as those with
rickets or osteogenesis imperfecta), and hidden
focus of inflammation/infection in children with fe-
ver of unknown origin.86 In addition, WB MR imag-
ing has a promising role in virtual autopsy in
children and adults.87
Table 1
Summary of current and potential indications of wh
suggested whole-body MR imaging protocols

Disorder WB

Spondyloarthropathies Coronal (T1 and) STIR
DWI (investigational)

PsA Coronal (T1 and) STIR

Systemic sclerosis Coronal STIR

Polymyalgia rheumatica Coronal STIR or
FST1 postgadolinium

Multifocal nononcologic
bone diseases (CRMO,
SAPHO, AVN, sarcoidosis,
Langerhans cell
histiocytosis)

Coronal T1 and STIR

Multiple exostoses Coronal T1 and STIR

Inflammatory myopathies
and related disorders

Whole-body (coronal a
transverse T1 and STI
T2 Dixon

DWI (investigational)

Peripheral nerve tumors,
vascular malformations

Whole-body (coronal a
transverse T1 and STI
Dixon T2

Fat mapping Whole-body T1 Dixon

Abbreviations: DWI, diffusion-weighted imaging; FST1, fat-sat
TECHNICAL NOTE: WHOLE-BODY MAGNETIC
RESONANCE IMAGING PROTOCOLS IN
NONONCOLOGIC DISORDERS

WBMR imaging protocols are tailored to cover the
body and provide exhaustive multiparametric
(multisequence) information about the disease,
varying with the suspected disorder (Table 1).

In axial spondyloarthropathies and rheumatisms,
most protocols include coronal T1-weighted and
STIR (or fat-saturated T2-weighted) WB images,
sagittal T and STIR images of the whole spine,
and high-resolution oblique coronal T1-weighted
and STIR images of the SIJ. Additional dedicated
sequences may be added: high-resolution coronal
study of thewrists, hands, and feet in PsA and rheu-
matoid arthritis; axial images of the hindfoot to
detect frequent involvement of the Achilles tendon,
ankle tendons, and plantar aponeurosis in seroneg-
ative rheumatisms.
ole-body MR imaging beyond oncology and

Proposed Protocols

Whole Spine Additional Areas

Sagittal T1
and STIR

SIJ: oblique coronal T1 and
STIR/FST2/T2 Dixon

Sagittal T1
and STIR

Feet/hands: high-resolution
STIR/FST2/T2 Dixon

— Transverse STIR/FST2/Dixon
T2 scapular and pelvic
girdles or on affected
areas detected on coronal
views

— Transverse STIR/FST2/
Dixon T2/

Sagittal T1
and STIR

Transverse T1 or STIR to
choose a site for biopsy

— Adapted plane, high-
resolution T2 (T1) of
suspect lesions (clinics,
coronal study)

nd)
R or

— —

nd)
R or

— Whole-body T1 after
gadolinium injection
in some studies

— —

urated T1; FST2, fat-saturated T2.
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This coronal T1-STIR approach is also valuable
for most WB MR imaging studies targeting mus-
cles, bones, and nerves, providing a global view
of the disease in an acceptable time frame. Trans-
verse sections are also obtained for confident
identification of anatomic structures, evaluation
of trophicity, and side-by-side comparison of the
involvement in muscle disease. These axial slices
cover (either systematically or guided by the clin-
ical findings or the findings on global coronal MR
imaging views) the scapular and pelvic girdles;
lower limbs; and, if the explored field of view al-
lows, the upper limbs as well. These axial slices
or tailored planes may also be planned on demand
to complement the study of focal bone lesions
detected on coronal images, such as exostoses.
The combination of T1 and STIR or fat-saturated

T2 images may become obsolete because T2
Dixon images provide in one single sequence com-
bined information on the inflammatory activity
throughwater images and on the fatty degeneration
through fat images: this can be transposed to in-
flammatory and tumoral conditions involving joints,
bones, and muscles.88 Along with anatomic T1, T2,
and STIR sequences, the role of diffusion-weighted
MR imaging, widely used in WB MR imaging
studies performed in oncology and providing func-
tional information on tissues, is also promising in
rheumatology, providing sensitivity and high signal
to background for subtle lesion screening, as, for
example, in spondyloarthropathies.12
SUMMARY

WB MR imaging has been proved feasible and
useful in numerous nononcologic disorders, of
which rheumatologic disorders are the most
established, including the study of spondyloar-
thropathies, PsA, and SSc. WB MR imaging
should be used to confirm suspected CRMO and
SAPHO syndrome and for an exhaustive evalua-
tion of benign multifocal disorders, such as eosin-
ophilic granuloma and sarcoidosis. It is a
noninvasive tool for the diagnosis of inflammatory
conditions involving muscles, fascia, and subcu-
taneous tissue, and its roles range from diagnosis
to evaluation of disease burden, choice of lesions
for biopsy, and evaluation of treatment response.
Tailored protocols have been proposed to address
these different indications.
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