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Damage to articular cartilage is considered to be
the hallmark of osteoarthritis (OA), even if other
factors are involved in the pathogenesis of the
disease. The radiological assessment of OA has
been based mostly on the radiographic grading
of the joint space width, an indicator of cartilage
thickness, and on indirect signs such as osteo-
phytes.1–3 Attempts have been made to better
delineate cartilage lesions by using intraarticular
contrast material in arthrography,4 which has
inherent limitations due to the projection of three-
dimensional structures on a plane. The advent of
cross-sectional imaging enabled arthrography to
develop further.5–7 Indeed, arthrographic tech-
niques such as computed tomography (CT)
arthrography and magnetic resonance (MR)
arthrography, thanks to their high resolution and
the possibility of multiplanar imaging, remain
superior to conventional MR imaging for the delin-
eation of surface lesions of all cartilage areas.
However, MR imaging is the only technique
enabling the analysis of the internal structure of
cartilage, and many recent developments include
biochemical qualitative assessment.2

The development of nuclear medicine tech-
niques have focused mainly on the subchondral
changes associated with OA, because there are
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no radiopharmaceuticals to image the articular
cartilage in clinical practice.

We review technical aspects of CT arthrography
and MR arthrography of various joints, compare
both methods, and report on their most common
and useful indications, as well as their pitfalls and
limitations. We also describe in detail the nuclear
medicine methods that might be relevant for OA
research and clinical application.
CTARTHROGRAPHYANDMR ARTHROGRAPHY
Technical Considerations

Type of contrast material with CT arthrography
CT arthrography can be performed using either
a single (iodine) or double-contrast (iodine and
air) technique. In the past, air was used with
conventional arthrography to distend the joints,
which is not necessary when using CT, because
the penetration of the air into cartilage lesions is
poor when compared with that of fluid. Nowadays,
there is a general consensus in using a single-
contrast technique, which is easier to perform8,9

and probably less painful.10

Dilution of the contrast material can be achieved
with local anesthetics or saline to avoid beam-
hardening artifacts. Nevertheless, the dilution
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mainly depends on the radiologist preference and
investigated joint.11–17

Type of contrast material with MR
arthrography
The contrast material of choice for MR arthrogra-
phy is gadolinium-based (gadolinium-DTPA). It is
possible to perform either indirect (less invasive,
intravenous gadolinium-DTPA injection) or direct
MR arthrography (intraarticular gadolinium injec-
tion). For the study of cartilage, the intraarticular
injection of contrast material is favored because
it allows joint repletion, thus, better delineation of
superficial cartilage defects.18 Other types of
contrast material have also been tested, such as
saline combined with T2-weighted MR imaging,
but gadolinium provides the best contrast-to-
noise ratios.19–21 A metaanalysis of 112 published
studies found gadolinium-DTPA to be a safe and
efficient technique for diagnosing internal
derangement of joints.22

Many studies have focused on determining the
best gadolinium-DTPA concentration and
temporal behavior of intraarticular contrast after
injection. At 1.5 T, a concentration of 2–2.5
mmol/L is considered best for imaging to be per-
formed within about an hour after injection.22,23

At 3.0 T, a slightly greater dilution may be useful.24

Aspiration of joint effusion before injection can
prevent excessive dilution of contrast material,
but this is usually not a problem in clinical
practice.24,25

It has been shown that iodinated and gadoli-
nium-based contrast material can safely be mixed,
and combined MR arthrography and CT arthrogra-
phy examinations have successfully been
obtained for comparison of both studies
(Fig. 1).26–29 However, at 3.0 T, the presence of
iodinated contrast agents has to be minimized,
because signal-to-noise peak levels are lower at
3.0 T than at 1.5 T.24

Volume of contrast material
The volume of injected contrast material neces-
sary for proper capsular distention varies accord-
ing to the joint and is the same for all
arthrographic techniques. As a rule, adequate
distention is indicated by increased resistance to
injection or retrograde flow of contrast material
into the needle after disconnection of the
syringe.30 The injection should be stopped if the
patient has pain.

Injection technique
The injection is usually performed under fluoro-
scopic guidance,16,30 but other injection tech-
niques have been described, using CT,16,31

ultrasound,32–34 MR 35 guidance, or even by using
surface landmarks.36–38 The choice relies on the
radiologist’s preference and on the equipment
available. The injection technique follows standard
arthrographic procedures, which have been widely
described in the literature.39–41

Time delay between the injection of contrast
material and imaging
Once injected in the joint, the concentration of
contrast materials rapidly decreases by diffusion
into the cartilage and synovium, resorption, and
fluid influx into the joint.42 It is recommended to
perform the CT within 30 minutes and the MR
within an hour after the contrast injection.23,29,43,44

The time delay, however, varies according to the
joint. The use of epinephrine in adjunction to the
injected material (for instance by mixing 1 mL of
a 0.1% solution containing 1 mg of epinephrine
with 10 mL of contrast material45) slows down
the resorption of the latter.46,47 However, the use
of epinephrine may increase postarthrographic
morbidity.10 Use of epinephrine is usually not
necessary with MR arthrography.48

It has been shown for the shoulder that exercise
has no beneficial or detrimental effect for MR
arthrography.49 However, in our experience, active
and passive full-range articular motion after the
injection allows the contrast material to completely
cover cartilage surfaces.50

Acquisition parameters
CT arthrography exposes the patient to ionizing
radiation. Radiation doses should be kept to
a minimum, especially in regions close to sensi-
tive areas such as the shoulder (Fig. 2) (thyroid)
and the hip (gonads), at the expense of signal-
to-noise ratio. The minimal field-of-view should
be selected. In knee CT arthrography, for
instance, the suprapatellar recess should not be
imaged (Fig. 3). Synovial and intraarticular
pathologies are depicted on conventional radio-
graphs obtained early after intraarticular injection,
before imbibition occurs and masks synovial
masses. These radiographs in the case of the
knee will cover the suprapatellar recess not
imaged by CT.

The CT acquisition parameters include narrow
collimation, low-pitch values, and a high milliam-
pere–second value to obtain high resolution
isotropic multiplanar reformats.51 The reconstruc-
tions use bone algorithms, providing high spatial
resolution images, and bone windowing is used
to view the images. Posttreatment of these high-
resolution isotropic images may include curved
and maximum-intensity projection reformatting
(Fig. 4). Metallic artifacts can be diminished and,
more generally, signal-to-noise ratio can be



Fig.1. 34-year-old man with history of trauma. Combined CT arthrography and MR arthrography were obtained
after intraarticular injection of gadolinium and iodine. Normal aspect of cartilage (white arrowheads) and partial
tear of central portion of scapholunate ligament (arrow). (A) Coronal fat-suppressed spin-echo T1-weighted MR
arthrography image (669/11 ms, TR/TE) shows normal wrist cartilage with intermediate signal intensity (arrow-
head). Its surface is smooth and regular. (B) 2.4 mm-thick coronal CT arthrography reformatted image shows
normal hypodense cartilage, well delimited by the underlying subchondral bone and the intraarticular contrast
material at its surface. (C) A 0.6 mm thick coronal CT arthrography reformatted image obtained from same exam-
ination demonstrates the same findings. Retrospectively increasing the reformat thickness [from (C) to (B)] leads
to an increase of the signal-to-noise ratio. Note that the thickness of the cartilage is easier to evaluate at CT
arthrography than at MR arthrography, with better coverage of cartilage surface areas by the contrast material
at CT arthrography (open arrowheads).
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increased by retrospectively increasing the thick-
ness of the reformats and, at the expense of
spatial resolution, by using soft tissue algo-
rithms52,53 (see Fig. 1). Metallic artifacts usually
remain mild on new generation CT scanners
compared with MR imaging, which makes CT
arthrography more suitable for postoperative
patients who have metallic hardware near the joint
(Fig. 5).8,54

MR arthrography typically includes fat-
suppressed spin-echo T1-weighted sequences
in three planes, associated to at least one
fluid-sensitive sequence for bone marrow
edema and extraarticular fluid collections.55



Fig. 2. 40-year-old man with shoulder instability. (A) Axial fat-suppressed spin-echo T1-weighted MR arthrogra-
phy image (786/12 ms, TR/TE) shows cartilage abrasion (grade 4 cartilage loss) of the anterior part of the glenoid
(arrow). (B) Axial CT arthrography reformat shows the same chondral lesion (arrow). However, the use of low
radiation doses as in this image lead to low signal-to-noise ratio. Note the presence of labral lesions
(arrowheads).
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Three-dimensional gradient-echo sequences can
also be performed and allow multiplanar
reformatting.56

Risks
As with any other arthrographic procedure, CT ar-
thrography and MR arthrography present risks
related to the puncture (infection) and to the
injected contrast material (allergic reaction).57

However, the risk of infection is quite low (with
one infection out of 25,000 arthrograms, according
to Berquist,58 and three cases of iatrogenic septic
arthritis out of 126,000 arthrographic procedures,
according to Newberg and colleagues57). The
risk of severe systemic allergic reactions is also
low, although minor reactions can occur.58

Moreover, as with other invasive techniques,
there is a risk for vasovagal reactions and pain.
The best prevention for vasovagal reactions is
good communication with the patient and prepa-
ration of the injection material out of the patient’s
sight.59 In a recent study evaluating pain and other
side-effects of MR arthrography, Saupe and
colleagues60 concluded that mild postarthro-
graphic pain is most pronounced 4 hours after
the procedure, and disappears within 1 week.
The origin of postarthrographic pain is debated.61

It may depend on the nature of the iodinated
contrast material for CT arthrography (higher with
double contrast CT arthrography,10 ionic contrast
material (probably due to a higher sodium
content),10,12,62 and the use of epinephrine10,63).

The arthrographic procedure is generally well-
tolerated by patients. In a study by Binkert and
colleagues,61 the arthrographic procedure was
better tolerated than the MR imaging examination
itself.

In addition to those risks, there is patient radia-
tion exposure with CT arthrography but not with
MR arthrography.

Role in Osteoarthritis

Internal structure and cartilage thickness
At CT arthrography, the normal hyaline cartilage
appears as a low attenuating structure. The
internal contrast of cartilage does not present
any variation in its density at CT arthrography,
and purely intrachondral lesions, without commu-
nication with the surface, cannot be detected
(Fig. 6).3 On spin-echo T1-weighted MR imaging,
cartilage demonstrates low-to-intermediate
signal intensity. Purely intrachondral lesions
are barely seen on those sequences. However,
fluid-sensitive sequences such as fast spin-echo
T2-weighted images acquired during MR arthrog-
raphy allow detection of concealed lesions of
cartilage.

Cartilage loss and thinning are one of the hall-
marks of OA. CT arthrography is the most accurate
method for the evaluation of cartilage thickness,
thanks to its spatial resolution and high contrast
between the low attenuating cartilage and its
high attenuating deep (subchondral bone) and
superficial (contrast material filling the joint)
boundaries (see Fig. 1). Indeed, CT arthrography
is more accurate than MR imaging even when
using cartilage sensitive sequences such as



Fig. 3. 23-year-old man with history of trauma. CT arthrography clearly shows filling of a chondral defect (arrow-
head) by contrast material in lateral patellar facet on axial (A) and sagittal (B) reformats. This defect is underes-
timated by MR imaging on the corresponding (C) axial fat-suppressed intermediate-weighted fast spin-echo
image (2200/45 ms, TR/TE) and (D) sagittal proton density-weighted spin-echo image (2200/18 ms, TR/TE).
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SPGR as shown by cadaveric studies on the
ankle.64 CT arthrography is also more accurate
than MR arthrography for the assessment of carti-
lage thickness in cadaver hip joints (Figs.
7 and 8).17 CT arthrography has been used as
a reference in studies evaluating the accuracy of
noninvasive MR imaging sequences for the
assessment of cartilage thickness.65 However,
CT arthrography measurements can be influenced
by some technical factors as recently shown by
Anderson and colleagues66 in a phantom study.
The authors suggest the use of lower contrast
agent concentrations and the maximization of joint
space by completely filling the joint capsule with
diluted contrast and/or by applying traction to
the joint. A more recent study concluded that mul-
tidetector CT arthrography and MR arthrography
are equally accurate in measuring hip cartilage
thickness as far as the coronal plane is
concerned.67

The thickness of cartilage is highly variable from
one individual to another, from one joint to another,
and from one area of the joint to another. This is
particularly true for the knee, where the cartilage
is usually thicker in areas with concave subchon-
dral bone and thinner in areas adjacent to the
menisci.50 In the hips, a cartilage thickness
gradient exists from the periphery to the center
of the femoral head and from the medial to the
lateral edge of the acetabulum (see Figs. 7



Fig. 4. CT arthrography in a 43-year-old man with history of trauma. (A) Coronal reformat shows a grade 3 (more
than 50% in depth) cartilage defect in talar dome (arrow) and a grade 2 (less than 50% in depth) defect in the
tibial plafond (arrowhead). (B) Curved axial maximum-intensity projection image shows the spatial orientation of
the cartilage fissure, whose long axis is parallel to the axis of the talar dome (arrowhead). Another cartilage
defect is seen more posteriorly (arrow).
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and 8).17 The inversion of that thickness gradient is
an early sign of degenerative OA. In shoulders,
glenoid cartilage is physiologically thinner at the
center.

Cartilage surface
The normal cartilage surface appears smooth and
continuous (see Fig. 1). Some focal physiologic
defects, such as the glenoid central defect, the
trochlear notch at the elbow, and the stellate lesion
Fig. 5. 40-year-old man with history of traumatic osteochon
dral grafting. (A) Coronal CT arthrography reformat show
lage surface shows minor irregularities and its thickness
contrast at the interface between the graft and the adjace
on the opposite tibial surface (arrowhead). (B) Coronal pr
shows the cartilage surface is poorly defined in compari
related artifact is milder on CT arthrography (A) than on
in the acetabulum (see Fig. 8), may exist and
should not be mistaken with cartilage lesions. In
addition to those focal physiologic defects, some
epiphyseal areas are physiologically not covered
by cartilage (bare areas).

Focal surface lesions of the cartilage are well de-
picted with both techniques and appear as areas
filled with the intraarticular contrast material (see
Figs. 2–4, 9). However, the contrast between the
cartilage and the intraarticular contrast material,
dral lesion of the talus dome, treated with osteochon-
s the well-incorporated osteochondral graft (*). Carti-
is acceptable. The graft is well incorporated with no
nt talar cartilage. A focal chondral lesion is visualized

oton density-weighted MR imaging (920/12 ms, TR/TE)
son to the CT arthrography image. Note that metal-
MR imaging (B).



Fig. 6. 46-year-old woman with osteoarthritis. (A) Coronal CT arthrography reformat shows extensive grade 3
chondral loss at the medial femoral condyle (arrows), associated with thinning of the medial tibial plateau carti-
lage, well delineated by the intraarticular contrast material. (B) Coronal fat-suppressed fast spin-echo interme-
diate-weighted MR imaging shows irregularity of the chondral surface and chondral signal intensity changes
in the medial compartment. The normal variations in cartilage signal intensity of the lateral tibial plateau
seen with MR imaging (B) are not detected on the CT arthrography (A). Injection of intraarticular contrast allows
distention of the joint space (A) and good delineation of cartilage surface compared with the nonenhanced MR
imaging. This allows better characterization of femoral and tibial chondral lesions.
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as well as the image resolution, are higher with CT
arthrography compared with MR arthrography,
leading to a higher degree of confidence in depict-
ing those lesions, and a higher interobserver
reproducibility.68

Cartilage loss can be either focal or extensive
and different terms are used to characterize either
the shape or the depth of the defects. Fissures
have a linear shape with one diameter being
much smaller than the other (see Fig. 4). Cartilage
ulcers have a more round shape on en face view
(see Fig. 9). This classification system, based on
the shape of the surface defect, has barely been
validated. Numerous grading systems of cartilage
lesions are derived from the grading systems used
at arthroscopy and are mainly based on the
following parameters: integrity of cartilage surface
and depth of cartilage defects (Table 1).15,69–71

Sensitivities and specificities at chondral lesions
depiction are good for thin or thick cartilage.9,72

However, CT arthrography is more accurate for
thinner cartilage lesions compared with MR ar-
thrography (see Fig. 1).11

CT arthrography and MR arthrography have
significantly better sensitivity and specificity for
high grade lesions (3 and above) for various
joints, such as patellar,3 knee,72 elbow,68 and
shoulder,11 than for more superficial lesions (see
Figs. 2, 6–9).

The coverage of the cartilage surface and delin-
eation of opposite cartilage surfaces is poor with
certain joints such as the ankle and hip, and is
usually better at CT arthrography than at MR
arthrography (see Fig. 1) 68,73, leading some
authors to propose traction maneuvers.64,74

Subchondral changes
Both CT arthrography and MR arthrography can
show subchondral bone changes. CT arthrogra-
phy is better at depicting subchondral bone scle-
rosis and osteophytes (see Figs. 7 and 8). Both
techniques can show central (nonmarginal) osteo-
phytes, associated with more severe changes of
OA than marginal osteophytes.75,76 MR arthrogra-
phy is the only technique allowing depiction of
subchondral bone marrow edema-like lesions on
the fluid-sensitive sequences usually acquired
along the T1-weighted sequences. This depiction
is usually a sign of high-grade cartilage lesions
(see Fig. 9).72
PETAND SCINTIGRAPHY
Tracers and Imaging Technologies

Even though it may not be the first step in the
pathology of OA, damage to the articular cartilage
remains the hallmark of the disease.77 In clinical
practice there are no radiopharmaceuticals to
image articular cartilage, but selenium-based
tracers are under development for this
purpose.78–80 Radiopharmaceuticals that are
available for clinical imaging target secondary



Fig. 7. 39-year-old woman with dysplastic hip. (A) Coronal fat-suppressed spin-echo T1-weighted MR arthrogra-
phy image (489/12 ms, TR/TE) shows acetabular chondropathy and bony fragment (*) separated from the acetab-
ular margin by contrast material. (B,C) Coronal CT arthrography reformats clearly show a down-to-bone cartilage
defect (arrowhead) on the lateral margin of acetabulum and acetabular bony fragment (*). On CT arthrography
image, the bone fragment is easily recognized but the contrast material at the bone–acetabular interface is less
well depicted than at MR arthrography. The contrast material between the acetabulum and the femoral head is
better seen at CT arthrography than at MR arthrography. Accumulation of contrast material at the margins of the
acetabulum (arrow) is well seen in (C). Femoral head cartilage is normal, with a preserved gradient of cartilage
thickness from the periphery to the center of the femoral head.
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features of OA that are associated with damage to
the articular cartilage, primarily bone turnover
changes seen with osteophyte formation, sub-
chondral sclerosis, and subchondral cyst forma-
tion.81,82 Inflammation is a minor element of OA
with the exception of the erosive OA seen in the
hands, and this has also been the target of imaging
with radiopharmaceuticals.81

Strategies that focus on bone imaging are more
widespread, and diphosphonate derivatives radio-
labeled with Tc-99m are the primary agents for this
imaging. They have the added value that
a modicum of soft tissue imaging is still possible
with these agents when a radionuclide angiogram
and blood pool acquisition is added to the routine
delayed views (ie, imaging done in three phases).

Two diphosphonates are in common use: Tc-99
methylene diphosphonate (Tc-99m MDP; Tc-99
medronate) and Tc-99 hydroxymethylene
diphosphonate (Tc-99m HDP; Tc-99m oxidro-
nate). These radiopharmaceuticals have a proven
track record since their introduction in the 1970s,
and are readily prepared from kits available from
suppliers around the world. The agents have
significant affinity to bone, with nearly 50% of the
tracer binding to the bone trabeculae through the



Fig. 8. 45-year-old woman with left hip osteoarthritis. (A) Sagittal and (B) coronal CT arthrography reformats
clearly depict typical changes of osteoarthritis in the superolateral and anterior aspects of the hip joint: femoral
head and acetabular cartilage thinning (open arrows), marginal femoral osteophytes (open arrowhead), acetab-
ular osteophytes (white arrowhead), subchondral bone sclerosis (*), and subchondral cystic changes (arrow). Note
the presence of a physiologic stellate defect of the subchondral bone plate at the apex of the acetabular bone
(black arrowhead, A).
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process of chemisorption. They have an excellent
safety profile and the standard adult dose of 20–25
mCi results in excellent imaging with acceptable
radiation exposure to the patient (approximately
Fig. 9. Cadaveric knee specimen presenting a grade 4 (dow
fast spin-echo intermediate-weighted MR imaging (3400/
ulcer (arrow) associated with subchondral bone edema (a
CT arthrography reformat shows the grade 4 chondral de
edema cannot be seen with CT. (C) En face photograph of
defect (arrow). (D) Close-up photograph of the correspond
defect (arrow) in the lateral femoral condyle. Both MR im
uation of high-grade chondral lesions (grade 3 and ab
marrow changes.
5 mSv/25mCi dose).83 They are readily excreted
in the urine. The bladder is the critical organ so
frequent voiding minimizes the exposure to radia-
tion. Delayed imaging starts 2–3 hours after
n-to-bone) chondral ulcer. (A) Sagittal fat-suppressed
29 ms, TR/TE) shows grade 4 down-to-bone chondral
rrowhead) in the lateral femoral condyle. (B) Sagittal
fect (arrow) filled with contrast material. Subchondral
the specimen shows the focal, round-shaped chondral
ing anatomic sagittal section shows the down-to-bone
aging and CT arthrography are accurate for the eval-

ove) but CT arthrography cannot demonstrate bone



Table1
Grading systems for cartilage lesions at arthroscopy and CTandMR arthrography

Grade Arthroscopic Findings CTandMR Arthrography

Grade 0 Normal Smooth surface and normal thickness of
cartilage

Grade 1 Fibrillation without cartilage loss and
cartilage softening

Smooth surface and normal thickness of
cartilage

Grade 2 Substance loss less than 50% of cartilage
thickness

Penetration of contrast in cartilage to less
than 50% in depth

Grade 3 Substance loss more than 50% of cartilage
thickness but not down-to-bone

Penetration of contrast in cartilage to
more than 50% in depth

Grade 4 Down-to-bone cartilage loss Penetration of contrast down to
subchondral bone
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injection to allow for clearance from the soft
tissues. Imaging is earlier with Tc-99m HDP, given
its higher affinity for bone. However, Tc-99m HDP
is more expensive than Tc-99m MDP.

Another bone imaging agent is 18-Fluoride (18-
F-), a positron-emitting radioisotope that predates
the diphosphonates compounds.84 However, it is
only now, with the widespread acceptance of
positron emission tomography (PET) and PET-CT
technologies, that it is possible to exploit this
agent in clinical imaging.84 This radioisotope is
readily produced in a cyclotron, and has high
affinity to bone through the process of anion
substitution in the hydroxyapatite complex. Bone
images of high quality are readily obtained using
modern PET-CT scanners as early as 30 minutes
after injection of 5–10 mCi of tracer. Excretion is
through the urine, and nearly 50% of the tracer
binds bone.83,84 The estimated whole body dose
is 10 mSv/10 mCi dose. As of January 1, 2008,
changes to the clinical procedural terminology of
the American Medical Association in the United
States allows physicians to bill insurance compa-
nies for 18-F- PET (and PET-CT) imaging.85

Radiopharmaceuticals that image soft tissue
components and largely target the inflammatory
component of OA include radiolabeled white blood
cells, Gallium-67 citrate, and 18-fluorodeoxyglu-
cose (18-FDG). White blood cells labeled with Tc-
99m or In-111 and Gallium-67 citrate are gamma
photon emitters that are used in detecting infection
and inflammation. They may have a role in imaging
of septic arthritis, and possibly inflammatory arthri-
tides, but are not used in imaging OA, and therefore
not discussed in this review.86–88 18-FDG is a posi-
tron-emitting radiopharmaceutical that accumu-
lates at sites of increased glucose metabolism,
particularly due to increase in glucose transporters,
and to increase in aerobic glycolysis as seen in
tumor cells and activated leukocytes.89,90 Although
18-FDG is used primarily for imaging in oncology, it
has also been applied to infection and inflammation
imaging, including bone infections.87,91 The PET in
the 18-FDG PET-CT scans of subjects referred for
cancer imaging shows uptake at sites of OA in the
CT part of the examination. Recent reports suggest
a possible role for 18-FDG to detect and possibly
evaluate the inflammatory component of OA.92–94

To image the joints there are a variety of
methods in nuclear medicine. In addition to
three-phase bone scans, delayed views with
planar scintigraphy or single-photon computed
tomography (SPECT) are common (Fig. 10).95

Magnification imaging with pinhole collimators
(see Fig. 10) provides details in planar scintig-
raphy.96 Today, PET imaging is done largely in
whole body PET-CT scanners capable of hard-
ware fusion of anatomic and physiologic images,
as well as the attenuation correction necessary
for quantitative imaging.97 Similar hybrid imaging
has been developed for SPECT, and, as expected,
is labeled SPECT-CT.98–101 There are new small
part PET scanners designed for breast imaging102

that are being evaluated for joint imaging using
either 18-F- and/or 18-FDG. An example is the
PEM Flex Solo II PET scanner (Naviscan PET
Systems, Inc., San Diego, California) (Fig. 11).103

These scanners have exquisite sensitivity and
higher resolution than whole body scanners.
They promise to extend PET imaging into new
areas, including joint imaging, but at this time
remain the subject of research.
Applications

Diphosphonate imaging
Although the role of scintigraphy in the diagnosis
of OA is not clear, rheumatologists find bone scans
useful in their practice,104 because bone scintig-
raphy is a simple examination that allows for



Fig.10. Asymptomatic 48-year-old male volunteer. (A) Anterior projection of 5-hour delayed 25 mCi Tc-99m MDP
scintigram. (B) Magnification pinhole image of the right knee in (A). (C) Selected nonattenuation corrected SPECT
views in axial (upper row), sagittal (middle row), and coronal (lower row) planes through the right knee. There is
no activity in the joint but uptake is seen in the anterior surface of both patellae, and the SPECT scans shows nar-
rowing of the tibiofemoral joint on the left side with no increased uptake.
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Fig. 11. PEM Flex Solo II Clinical System configuration.
(Courtesy of Naviscan PET Systems, Inc., San Diego,
CA; with permission.)
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a full body survey that helps to discriminate
between soft tissues versus bone/joint origin of
pain, and to locate the site of pain in patients
with complex symptoms. An analysis by Duncan
and colleagues104 of the practice of Australian
rheumatologists found that bone scans altered
clinical diagnosis and changed the course of
management over 30% of the time. More impor-
tant, it prevented further investigations in 60% of
the cases.

In the specific case of ‘‘unclassified arthritis,’’
Duer and colleagues105 have shown that a combi-
nation of MR imaging of the hands and wrists and
Tc-99m HDP whole body scintigraphy is useful to
discriminate between the different arthritides.
They evaluated a cohort of 41 subjects that
remained unclassified after applying conventional
clinical, biochemical, and radiographic methods,
including the American College of Rheumatology
criteria for rheumatoid arthritis (RA). Discrimination
between the different RA and OA was done on the
basis of the distribution of joint uptake seen in the
bone scans, and the presence of synovitis and
erosions in the MR imaging scans. The gold stan-
dard was specialist review 2 years after initial
imaging and evaluation. The combination of MR
imaging and scintigraphy was 95% accurate in
discriminating between RA and non–RA. Although
their intent was to help with the early diagnosis of
RA, none of the eight subjects originally classified
as OA on the basis of their imaging algorithm were
reclassified by the gold standard.

It is clear that scintigraphy has high sensitivity in
detecting bone reaction to the pathology of
OA.82,106–108 It is important to recognize that
bone scintigraphy with diphosphonates targets
the bone response that results from the abnormal
biomechanics of joint motion when the articular
cartilage is damaged. The physiology of this
uptake has been reviewed by Merrick,82 who
observes that uptake is related to osteophyte
formation, subchondral sclerosis, and subchon-
dral cyst formation that all result from abnormal
loads on the joint. When osteophyte formation is
successful in reducing the point forces that result
from cartilage damage, tracer uptake may stop
as the osteophyte matures and no new osteo-
phytes are formed. It is noteworthy that uptake
associated with subchondral sclerosis correlates
well with increases in bone marrow signal in T2-
weighted MR imaging, and that the agreement
between bone uptake and MR imaging features
of osteophytes or cartilage defects is less
striking.82,109

Therefore, it is not surprising that bone scans
show abnormal uptake before the detection of
abnormal morphology in routine radiography
(Fig. 12).82,106,107 Also, activity in bone scintig-
raphy implies that abnormal stress persists and
that the disease will progress.82 For this reason,
some advocate the use of scintigraphy to select
candidates for clinical trials that evaluate
disease-modifying drugs. In clinical practice,
a negative bone scan may provide some reassur-
ance that disease is unlikely to progress in the
next 5 years, although the predictive power of
scintigraphy is far from 100%.110 Indeed, recent
work by Mazzuca and colleagues108,111 demon-
strates that similar or better predictive power for
progression of disease can be obtained by
combining indices of clinical symptoms with radio-
graphic methods that are common in the research
setting, namely measurement of joint space nar-
rowing using standard projections and computer-
assisted measurements. His approach provides
a simpler and safer alternative to scintigraphy in
selecting patients that are likely to progress in their
disease, because it avoids the whole body radia-
tion dose that results from injecting a radiotracer.
However, his radiographic methods are
uncommon in routine clinical imaging
departments.

In addition to assisting in the diagnosis and
prognosis of OA, scintigraphy may also assist in
therapy. Facet OA of the spine can lead to back
pain that responds to the injection of



Fig.12. Left knee pain in middle-
aged woman. (A) 3-hour
delayed 25 mCi Tc-99 MDP
bone scan in the anterior
projection shows uptake in the
medial compartments is worse
on the left side. This is compat-
ible with osteoarthritis.
However, (B) posteroanterior
and (C) tunnel view radiographs
show no significant findings.
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steroids.112,113 Early work by Dolan and
colleagues113 demonstrated that spine SPECT
imaging with diphosphonates is able to select
those facets that will respond to steroid injections
(Fig. 13). In the authors’ experience, this tech-
nology is most useful when studies are read in
conjunction with CT myelograms or MR imaging
that allow for evaluation of disc disease. Good
physical examination is imperative to confirm
that imaging findings are compatible with the
patient’s pain. Recently Kim and Park described
a pattern of uptake in planar scintigraphy of the
lumbar spine that is so characteristic of facet OA
that it renders SPECT unnecessary.114 In this
pattern, bilateral facet uptake at the same axial
level leads to a characteristic ‘‘V’’ shape to the
uptake in the posterior view. However, it is likely
that this pattern has low sensitivity and SPECT
imaging is necessary when the pattern is not
seen in a patient with back pain.
As of now, imaging with diphosphonates is
dominated by planar scintigraphy. SPECT imaging
has better sensitivity and improves anatomic local-
ization. A recent study confirmed the ability of
SPECT to detect early osteoarthritis of the knee
with good correlation to clinical findings.115 Due
to its improved anatomic localization, SPECT of
the knee has also proven useful in planning uni-
compartmental knee arthroplasty of the medial
compartment of the tibiofemoral joint, because it
is in this compartment that scintigraphic findings
correlate best with those features of OA detected
at the time of surgery.116 SPECT-CT imaging
allows for attenuation correction that may lead to
quantification and improves specificity.98,100,101

Recent literature illustrates how the hybrid tech-
nology improves bone imaging, because the CT
not only improves the quality of the scintigraphic
imaging, but also leads to the characteri-
zation of commonly nonspecific scintigraphic



Fig. 13. Selected views from a nonattenuation corrected 3-hour delayed 25 mCi lumbar spine SPECT scan show
uptake in the right facet joint at the L4-L5 level. The maximum intensity projection imaging on the right lower
corner is seen from the posterior view.
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uptake.98,99,101,117 Resolution recovery methods
allow for faster SPECT imaging or improved quality
when the imaging time is unchanged.118,119 This
feature is already being offered by several
Fig. 14. 62-year-old man treated for hypopharyngeal canc
Axial CT scan shows clear evidence of advanced OA in a
FDG PET-CT scan (10 mCi 18-FDG with 60 minutes’ incubat
of the osteoarthritic cervical facet.
manufacturers. Pinhole collimation is time-
consuming, but it affords details seen more often
in pediatric applications, 96 though seldom applied
to adults with arthritis (see Fig. 10). For the most
er who presents to 18-FDG PET-CT for restaging. (A)
right facet of the cervical spine. (B) Axial fused 18-

ion before imaging) shows the intense 18-FDG uptake



Fig.15. Selected axial and sagittal views from a 90-minute delayed 10 mCi 18-Fluoride PET scan done in a whole
body scanner with CT attenuation correction show facet uptake consistent with L3-L4 and L4-L5 osteoarthritis.
Contrast the quality of these images with the SPECT scan in Fig.13.
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part, none of these methods have found their way
into arthritis imaging.

Positron emitters
Musculoskeletal imaging with positron emitters
and PET-CT technology is still in its infancy. The
effort is largely confined to oncology imaging, but
there is no reason to expect that these technolo-
gies will not play a role in imaging patients with
arthritis. Anecdotal experience with 18-FDG in
imaging patients with cancer and two early reports
demonstrate that PET with this agent is able to
detect OA (Fig. 14).92,93 The uptake is seen in
the synovitis associated with OA, and therefore is
different from the imaging done with bone-seeking
agents. Indeed, it is not surprising that 18-FDG is
seen more often in joints affected by RA than OA.94

18-F- PET and PET-CT imaging improves on the
poor resolution of SPECT imaging with diphosph-
onates while retaining excellent sensitivity.
Comparison of Figs. 13 and 15 makes it clear
that images from the positron emitter are superior
to those from the gamma emitter.

Hybrid technologies like PET-CT bring a new
element to arthritis imaging and research, because
they combine anatomic and functional imaging in
ways that no other imaging technologies are
able to do. The field would benefit from the
development of cartilage-specific agents. Such
a radiopharmaceutical combined with 18-FDG
and 18-F-would bring a new dimension to arthritis
imaging, because the applications of these three
tracers would target three major elements in the
pathology of OA and arthritis in general: cartilage,
inflammation, and bone.

PET scanners to image small parts have been
developed specifically to image the breast (see
Fig. 11).103 The scanner is noteworthy for its sensi-
tivity and resolution, but lacks attenuation correc-
tion, so quantification is not possible as it is with
whole body PET-CT scanners. Nevertheless, Figs.
16 and 17 show very preliminary images of a normal
volunteer imaged using significantly lower doses
than those used with whole body scanners. These
images are far from optimal, but, using existing tech-
nology, they can be improved by tweaking the dose
of radiotracer and time to image as illustrated by
comparing Figs. 16 and 18. The unit is portable,
and the cost and operational requirements are
significantly less than those for whole body scan-
ners. Time will tell if these units find their way into
imaging of joints in a fashion similar to small-parts
fixed-field specialty MR imaging units.
SUMMARY

MR imaging currently remains the method of
choice for noninvasive diagnosis of chondral
lesions. It is the only technique that allows the
evaluation of surface lesions, subchondral
changes, and the structure of cartilage. Whenever
accurate evaluation of surface changes is needed,
however, invasive arthrographic techniques are
indicated. Compared with MR arthrography, CT



Fig.16. Right knee of the same asymptomatic volunteer as in Fig.10. (A) Selected sagittal views of 18-FDG PETscan (4
mCi with 60 minutes’ incubation) done with small part scanner shown in Fig.11 shows no activity in the joint and only
apparent tracer uptake in the skin over the patella. (B) Selected sagittal views of 18-Fluoride scan (0.87 mCi with 90
minutes’ incubation) using small parts PET scanner and (C) right lateral view of 25 mCi Tc-99m MDP 5-hour delayed
scintigram demonstrate no activity in the joint, but uptake is seen in the anterior surface of the patella.
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arthrography has the inconvenience of radiation
exposure and the limitation to surface lesions
only. CT arthrography is, however, a valuable tech-
nique whenever MR arthrography is not possible
(eg, not available, contraindicated, or technically
impossible, such as with obese or claustrophobic
patients, or the presence of metallic hardware).
The indications of the intraarticular injection of
contrast material may evolve in the near future,
with the development of new 3.0 T imaging tech-
niques and three-dimentional acquisitions.
Radioisotope methods to image osteoarthritis
suffer from the lack of agents that specifically
target articular cartilage and the need to use
ionizing radiation. However, bone scintigraphy is
sensitive to the reaction of the underlying bone
when the cartilage is damaged, and a negative
bone scan may provide assurance that the disease
is unlikely to progress. The advent of 18-FDG PET
and PET-CT imaging brings the opportunity to
explore the inflammatory component of osteoar-
thritis. 18-F- PET and PET-CT and Tc-99m MDP/



Fig.17. Right ankle of the same asymptomatic volunteer as in Fig.10. (A) Selected sagittal views of 18-FDG PET scan
(4 mCi with 60 minutes’ incubation) done with small part scanner shown in Fig.11. (B) Selected sagittal views of
18-Fluoride scan (0.87 mCi with 90 minutes’ incubation) using small parts PET scanner. (C) Right lateral view of 25
mCi Tc-99m MDP 5-hour delayed scintigram. (D) Magnification pinhole image of the right ankle focusing in the
tibiotalar joint. An uptake is seen in the posterior aspect of the talotibial joint in both 18-FDG and bone imaging.
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HDP imaging with SPECT and SPECT-CT bring
added sensitivity and improved anatomic localiza-
tion that has not been readily exploited in imaging
osteoarthritis. They also bring the opportunity to
Fig.18. 79-year-old woman with asymptomatic knee who
PET-CT imaging. Selected sagittal views through one knee
100 minutes after injection of 10.6 mCi of 18-FDG) show im
tion period.
combine molecular and anatomic imaging in one
image. Small-part PET devices are already in clin-
ical use in breast imaging, and in development for
joint imaging. Their value stems from lower
underwent a restaging of ovarian cancer with 18-FDG
using small parts PET scanner (after whole body scan,
proved imaging with larger dose and longer incuba-
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operating costs, and lower radiation burden to the
patient while still retaining significant resolution
and sensitivity.
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