TECHNIQUES AND INDICATIONS
MUSCULOSKELETAL MRI

I.

TECHNIQUES

In the evaluation of musculoskeletal masses, the MR scanner must
be able to evaluate the entire compartment of the mass with pulse
sequences which provide adequate signal-to-noise and tissue
contrast to detect, characterize, and stage the disease process (11).
This requires a combination of T1-weighted (T1W), protein
density-weighted (PDW), and (T2W) images with adequate
signal-to-noise and fields-of-view (FOV) just alrge enough to
visualize the diseased compartment and surrounding anatomy.
Fat suppressed images such as stir or spectral saturated (T2W)
images are useful in detecting subtle bone and soft tissue injuries,
as well as inflammation and masses.
The use of intravenous gadolinium chelates and gradient echo
images may be of additional benefit in selected cases (12-14). In
the evaluation of joints, it is necessary to use properly designed
surface or local volume coils to obtain optimal contrast and spatial
resolution. All joints should be evaluated in at least 2 planes.
Patients must be positioned comfortably to minimize patient

motion during the scan. For joints which cannot be placed in the
center of the magnet, the scanner must be able to electronically
off-center the acquisition FOV to allow high resolution image
acquisition tailored to the size of the joint of interest (15). Slice
thicknesses less than or equal to 5-mm and pixel dimensions less
than 1-mm are necessary for adequate spatial resolution (11). A
combination of (T1W), PDW, and (T2W) images and adequate
signal-to-noise are necessary for accurate MR evaluation of a
broad spectrum of joint diseases (11). T2W images obtained with
gradient recalled echoes may be useful in evaluating anatomy
and selected disease processes (12, 16). Intravenous gadolinium
chelates may be useful in evaluating specific musculoskeletal
pathology (13, 14, 17). Before and after contrast administration
(T1W) images should be performed in one or more planes. The
use of intra-articular gadolinium shows promise in the evaluation
of the knee and shoulder (18). Its potential clinical roles are
currently under evaluation.
II.

INDICATIONS AND SPECIFIC TECHNIQUES
FOR MRI OF THE MUSCULOSKELETAL
SYSTEM

A. Soft Tissues
Spectroscopic fat saturation or short inversion time inversion
recovery (STIR) fat suppressed images may be helpful in
evaluating soft tissue masses and subtle bone injuries (19, 20).
MRI is indicated for the evaluation of traumatic muscle and tendon
injuries (21), hematomas, compartment syndromes (22),
entrapment syndromes, tendinosis, tenosynovitis, and bursitis.
MRI is useful for the evaluation of infections, abscesses and
myositis (23, 24). It is indicated for the evaluation of masses such
as simple non-neoplastic cysts, abscesses, ganglion cysts,
parameniscal cysts (25), hematomas, muscle tears (26), and
ligament and tendon tears. It is also useful for the detection,
staging, and characterization of benign and malignant soft tissue
neoplasms (2-6, 27) and for the follow-up evaluation of neoplastic
disease after therapy. (Intravenous contrast agents may be helpful
in evaluating potentially malignant disease (13, 14, 17)). For the
evaluation of genetic muscle diseases, MR spectroscopy may also
be helpful (26).
B. Bones
Whereas most bone pathology is well visualized with short (T1W),
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Magnetic resonance imaging (MRI) is the most sensitive
noninvasive imaging method for a broad spectrum of diseases
affecting the musculoskeletal system. MRI’s advantage over
previous imaging techniques resides primarily in increased
contrast resolution of body tissues and pathologic processes. Thus,
high-resolution images can be acquired with excellent separation
of body organs and disease. in the musculoskeletal system
projection radiographs continue to be useful in detecting bony
fractures, though most subtle bony injuries are not detectable with
plain radiographs 91). Porjection radiographs may also be useful
in detecting gross destruction of bone, but the increased sensitivity
and accuracy of MRI in delineating lesion extent are usually
necessary for clinical characterization (2-4). Plain radiographs
may be more specific than MRI in differentiating potential
etiologies of lesions because of their proven ability to characterize
specific calcification patterns and periosteal reaction (5,6). Though
computed tomography superbly characterizes bony cortical
changes, this is usually less important clinically than detecting
the presence and extent of soft tissue disease (7-9). The
diphosphonate bone scan is useful in localizing the extent of
multifocal bone disease but is less sensitive than MRI in detecting
metastases and does not have sufficient spatial resolution to detail
the extent and anatomical association of disease processes that is
often necessary for optimal clinical decision making (10). MRI
is now the primary imaging method for detailed evaluation of a
broad spectrum of musculoskeletal disease processes.

PDW, and (T2W) images, subtle injuries, infiltrative disease, and
partially treated infections may be more sensitively detected with
spectroscopic fat suppressed (FAT SAT) or short inversion time
inversion recovery (STIR) images (19).
In the setting of trauma, MRI is indicated for the evaluation of
suspected X-ray occult injuries of the metaphysis and epiphysis
(1, 28-31) and to assess fracture union. MRI is useful to detect
and stage acute and chronic osteomyelitis (32) and to evaluate
periprosthetic infections in selected cases. MRI is indicated to
detect and stage primary bone tumors, both non-neoplastic and
neoplastic (3, 5-7, 9, 10, 27), and to detect and stage occult bony
metastases (10). MRI is useful to detect and determine the extent
of congenital lesions such as fibrous dysplasia and C1-C2
anomalies. MRI is indicated for the evaluation of suspected
osteonecrosis (33-35) and bone infarcts.
C. Joints
1.

Diseases affecting all joints
MRI is indicated for the evaluation of traumatic injuries
to joints and adjacent muscles, tendons, and ligaments
(21), selected articular cartilage injuries (36-38), bursitis
and synovitis from overuse, fragment stability and
cartilage status in osteochondritis dissecans (39 40),
posttraumatic osteonecrosis and degenerative joint
disease (41), loose bodies, and tenosynovitis. MRI is
useful in the evaluation of joint infections, noninfectious
inflammatory joint disease such as rheumatoid and the
seronegative arthritides (42-44), overuse synovitis, and
tenosynovitis. It is useful for the evaluation of ganglion
cysts (45), bursal cysts with bursitis (46), abscesses,
benign neoplastic masses, and primary and metastatic
masses (2). MRI is indicated for the evaluation of
osteonecrosis including avascular necrosis (35, 47-49),
and degenerative joint disease (50).

2.

Diseases affecting specific joints
a. Shoulder
Imaging planes should be selected to coincide with
the primary axes of the shoulder. Long TR, double
echo coronal images should be obliqued
electronically parallel to the supraspinatus muscle
or perpendicular to the glenoid fossa of the scapula.
(T1W) or (T2W) sagittal images should be obtained
perpendicular to the oblique coronal images. Turbo
or fast spin echo images are often utilized commonly
with fat suppression in the oblique coronal plane.
The field-of-view (FOV) should be 12-16-cm. The
slice thickness should be less than 5-mm and spatial
resolution less than 1-mm. Images in the oblique
coronal plane should be acquired with long TR and
short and long TE spin echoes such as with a TR of
2,000 msec and TEs of 20 and 80 msec (51). Images
in the oblique sagittal plane require contrast
adequate for anatomical evaluation, such as TR 500,
TE 15 msec or TR 2,000 msec and TEs of 20 and
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80 msec. The axial images require good anatomical
information as well as images sensitive for fluid.
Gradient echo or long TR double spin echo images
are adequate in this plane. Acquisition matrices of
192 x 256 are desirable with the number of
excitations/averages selected to ensure adequate
signal-to-noise.
MRI is indicated for the evaluation of shoulder pain
of undetermined etiology, detection and staging of
rotator cuff degeneration (tendinosis) and tears (52,
53), impingement syndromes (54), labral
degenerative changes and tears (55-58), biceps
tendon disease and dislocation (59), suprascapular
notch syndrome, glenohumeral ligament injuries,
coracoclavicular and acromioclavicular separations,
subacromial bursitis, and joint anatomy after bony
fracture. Suspected instability and labral tears may
require intraarticular contrast administration for
optimal detection (either MRI after gadolinium
chelate or saline injection, or CT arthrography).
b. Elbow
Local surface coils and FOV of less than 12 cm are
recommended.
MRI is indicated for the evaluation of medial
epicondylitis (tennis elbow), fractures in children,
osteochondral defects, and osteonecrosis.
c. Wrist, Hand, and Fingers
Local surface coils and FOV of 10 cm or less are
recommended. Imaging planes should be carefully
selected to be in the true coronal, sagittal, and axial
planes. Electronic angulation may be necessary to
insure proper plane selections. An MR-compatible
brace on the wrist may be useful to ensure uniform
wrist positioning (15).
MRI is indicated for the detection and evaluation
of the cause of carpal tunnel syndrome (60-62),
tendon and ligamentous injuries (62), triangular
fibrocartilage (62) injuries, extensor and flexor
tenosynovitis, de Quervain’s syndrome (62),
Kienbach’s disease (63), injuries of the flexor and
extensor tendons (62), tenosynovitis, and masses (6).
d. Hip
Most imaging of the hips is performed without
surface coils because of the difficulties of surface
coil design for hip anatomy. T1W coronal images
are sensitive for osteonecrosis and fractures. T2W
images or high-resolution three-dimensional
gradient echo images may be useful for evaluating
fine anatomical details, especially in children. Subtle
bone injuries are common and clinically relevant
and may require fat suppressed coronal images for
optimal sensitivity.
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MRI is indicated for the evaluation of avascular
necrosis (33-35), congenital hip dislocation,
congenital hip dysplasia, transient osteoporosis, and
iliopsoas bursitis (64, 65).

MRI is indicated for the evaluation of joint pain and
clicking (89-92), abnormal disc displacement (93),
degenerative joint disease (90, 94, 95), osteonecrosis
of the mandibular condyle (96), foreign body
reaction (97), inflammatory joint disease (86, 98),
trauma (99), ganglion cysts (100), and synovial
chondromatosis (101).
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f. Ankle and Foot
FOV less than 12 cm are recommended with
appropriately designed local coils. Images should
be obtained in the coronal, sagittal, and axial planes
with respect to the anatomic region of interest.
Suspected disease in the tendons coursing through
the ankle may be best evaluated with angled axial
images, perpendicular to the tendon at the level of
suspected disease. Long TR double echo images and
STIR images are advantageous in evaluating tendon
and subtle bony injuries. When a tear of the Achilles
tendon is suspected, a large FOV sagittal image may
be warranted to evaluate the extent of possible
retraction of the superior segment. When subtle
findings are present, imaging of the contralateral
ankle may be helpful.
MRI is indicated for the evaluation of ankle pain of
undetermined etiology (76), tendon and ligament
injuries (77-80), sinus tarsi syndrome (77), tarsal
tunnel syndrome (81), plantar fasciitis, masses (82,
83), postoperative evaluation of Achilles tendon
repair (84), diabetic foot disease (85), and
neurogenic joint disease.
g. Temporomandibular Joint (TMJ)
Local surface coils are necessary with FOVs of less
than 12-cm. Slice thickness should be 3-mm or less
and spatial resolution should be less than 1 mm.
Sagittal high-resolution (T1W) images are usually
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e. Knee
Imaging should be performed in at least two planes
utilizing at least one (T2W) technique. FOV should
be less than 16-cm, pixel dimension less than 1 mm,
and slice thickness less than 5-mm. Acquisition
matrices of 192 x 256 are advantageous. Magnified,
narrow window width display of short TE images
containing the menisci may be of benefit in
interpretation of meniscal disease (11).
MRI is indicated for the evaluation of knee pain of
undetermined etiology, meniscal tears (66-68),
discoid menisci (25), suspected cruciate and
collateral ligament tears, bone contusions (trabecular
fractures), patellar chondromalacia, patellar tracking
abnormalities (69-71), popliteal cysts and
aneurysmsec, pes anserinus bursitis, prepatellar
bursitis (46), pigmented villonodular synovitis,
evaluation of anterior cruciate ligament
reconstructions (72-74), and meniscal and ganglion
cysts (45, 75).

performed to determine disc position. If
inflammatory disease is present, then long TR, long
TE (T2W) images are helpful in evaluating
pathology (86). Kinematic imaging with rapid T1
or gradient echo images may be helpful in
characterizing disc placement abnormalities (87).
Since TMJ disease may be bilateral in up to 80% of
affected patients, both joints should be imaged,
ideally simultaneously (88).
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