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Imaging of Osseous and Cartilaginous
Intraarticular Bodies in the Knee: Comparison
of MR Imaging and MR Arthrography

with CT and CT Arthrography in Cadavers’

PURPOSE: To compare magnetic
resonance (MR) imaging and MR ar-
thrography with computed tomogra-
phy (CT) and CT arthrography in the
detection of intraarticular bodies in
the knee.

MATERIALS AND METHODS: Cu-
boid (3- or 6-mm-long sides) osseous
and cartilaginous bodies were im-
planted in 16 cadaveric knee speci-
mens. MR imaging was performed
with T1-weighted spin-echo (SE),
T2-weighted SE, proton-density-
weighted SE, gradient recalled acqui-
sition in the steady state (GRASS),
and spoiled GRASS sequences. MR
arthrography was performed in two
phases with saline and 2 mmol/L
gadopentetate dimeglumine. CT and
CT arthrography were performed in
the transaxial plane.

RESULTS: MR arthrography yielded
the highest accuracy for the detection
of osseous and cartilaginous bodies
combined (92%) and was significantly
(P < .01) better than MR imaging
(57%-70%), CT arthrography (80%),
and CT (74%). Accuracy of CT arthrog-
raphy was significantly better than
that of MR imaging and that of CT.
Accuracy of saline-enhanced MR ar-
thrography was significantly inferior
(P < .001) to that of gadolinium-en-
hanced MR arthrography.

CONCLUSION: MR arthrography is
the best imaging technique for detec-
tion of individual intraarticular bod-
ies. CT arthrography is the second
most accurate method. Spoiled GRASS
and T2-weighted SE sequences are
the most accurate at MR imaging.
The presence of intraarticular fluid
and performance of saline-enhanced
MR arthrography improve detectabil-
ity of intraarticular bodies.

NTRAARTICULAR bodies in joints are a
common clinical finding and may

provoke clinical complaints (pain,
swelling, locking) that necessitate sur-
gical intervention (1). Such bodies
may consist of bone, cartilage, or both,
or, rarely, they may be composed of
fibrous tissue, unorganized fibrin, fat,
or blood, or they may represent for-
eign bodies (2—4). Although intraar-
ticular bodies may be encountered in
virtually any joint, the knee is affected
most often.

Imaging is usually necessary to con-
firm the clinical diagnosis and to lo-
calize the intraarticular bodies prior to
surgery, as intraarticular bodies may
be missed during arthroscopy (1). Ra-
diography and conventional tomogra-
phy are useful only when radiopaque
intraarticular bodies are present. Per-
formance of conventional arthrogra-
phy and arthrotomography with
single- or double-contrast technique
have been suggested, especially in
cases of radiolucent intraarticular
bodies (5-7). Computed tomography
(CT) and CT arthrography with
single- or double-contrast technique
have been employed successfully in
this clinical situation and are consid-
ered the imaging methods of choice
(8-12). Ultrasonography (US) also has
been employed for the diagnosis of
intraarticular bodies (13).

Magnetic resonance (MR) imaging
is widely accepted as the imaging
technique of choice in a variety of
musculoskeletal disorders and inter-
nal derangements of joints. MR arthrog-
raphy has been performed success-
fully to improve diagnosis of various
pathologic conditions of joints (eg,
cartilage disorders and osteochondritis
dissecans) (14-21). Although the use-
fulness of MR imaging for the diagno-
sis of intraarticular bodies has been
described (15,22,23), no definitive
studies have been reported, to our
knowledge, on the application of MR
imaging and MR arthrography to the
detection of intraarticular bodies.

The purpose of this study was to
compare MR imaging, MR arthrogra-
phy, CT, and CT arthrography in the
diagnosis of individual osseous and
cartilaginous intraarticular bodies in
cadaveric knee specimens.

MATERIALS AND METHODS

A total of 48 cartilaginous and 49 osse-
ous bodies were created experimentally
from fresh patellae specimens. For each
type, cuboid bodies were created (3-mm-
long sides [26 cartilaginous, 26 osseous]
and 6-mm-long sides [22 cartilaginous, 23
osseous]). All cartilaginous bodies were
examined radiographically to exclude cal-
cific or osseous components. The bodies
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then were implanted into a total of 16
fresh cadaveric knee specimens (nine
female, seven male; age range at death,
66-85 years). The knees were opened sur-
gically along the medial aspect of the pa-
tella, and the bodies were sutured (Prolene
5-0; Ethicon, Somerville, NJ) to specific
locations in the joint. For each type of in-
traarticular body, four knee specimens
were used.

Six locations were possible for place-
ment of the intraarticular bodies in the
suprapatellar pouch, including the medial
and lateral gutters, and four locations
were possible in the intercondylar region
and the posterior joint space (Fig 1) (total,
56 locations). The number of bodies in
each location ranged from 0 to the maxi-
mum number possible. The distribution
and number of bodies implanted was
based on logical reasoning, so that ap-
proximately the same number of bodies
of each size and type were available for
evaluation in identical locations (Table 1).
A 7-F vascular sheath was introduced per-
cutaneously into the suprapatellar pouch
to allow later instillation of gadopentetate
dimeglumine (Magnevist; Schering, Ber-
lin, Germany) or air for MR arthrography
or CT arthrography, respectively. The
knee joints then were closed surgically
while submerged in water, to prevent air
inclusions. Prior to imaging, residual wa-
ter in the knee joint was removed as com-
pletely as possible by means of aspiration.

MR Imaging and MR Arthrography

All knees were examined with a 1.5-T
superconducting imager (Signa; GE Medi-
cal Systems, Milwaukee, Wis). The knees
were positioned supine in a specialized
receive-only knee coil. Standard MR imag-
ing sequences were employed: T2-weighted;
proton-density (PD)-weighted; T1-weighted
spin-echo (SE), T1-weighted two- and
three-dimensional spoiled gradient re-
called acquisition in the steady state
(spoiled GRASS), and T2-weighted multi-
planar GRASS images were acquired in
the axial and sagittal planes. The MR im-
aging protocol is summarized in Table 2.
To determine the usefulness of saline-en-
hanced MR imaging and the effects of in-
traarticular fluid to simulate a joint effu-
sion, 40 mL saline was injected in the knee
joints and MR imaging was repeated as
before. Then, the saline was evacuated
from the knee and 40 mL of a 2 mmol/L
gadopentetate dimeglumine solution
(Magnevist [1 mL in 250 mL saline]; Scher-
ing, Berlin Germany ) was injected through
the sheath, following the protocol described
by Engel (24). Gadolinium-enhanced MR
arthrography was accomplished with T1-
weighted SE imaging in the axial and sag-
ittal planes.

CT and Single-Contrast
CT Arthrography

After MR imaging, all fluid was aspi-
rated from the knee joints, and CT was
performed in the transaxial plane (Tomo-
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Table 1
Anatomic Distribution of Types of Implanted Intraarticular Bodies in 16 Knee
Specimens
Suprapatellar
Pouch, Lateral
and Medial Intercondylar Posterior
Length of Side Gutters Region Joint Space Total
Body Type (mm) (n=24) (n=16) (n=16) (n = 56)
Bone 3 10 8 8 26
Bone 6 11 8 4 23
Cartilage 3 10 8 8 26
Cartilage 6 9 8 5 22

Note —Numbers are number of bodies placed per location.
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Figure 1. Schematic display of the possible locations of the intra-

articular bodies. (a) Six locations in the suprapatellar pouch and
medial and lateral gutter and (b) four locations in the intercondylar
area: middle third of the anterior cruciate ligament (1), behind the
Hoffa fat pad (2), attachment site of the anterior cruciate ligament
to the tibial plateau (3), and the posterior cruciate ligament (4); and
four locations in the posterior joint space above (5, 6), and below

(7, 8) the joint line.

scan 60 TX; Philips, Best, The Netherlands).
Contiguous 3-mm-thick sections (312 X
312 matrix, 120 kV, 300 mA) were obtained
that covered the complete joint cavity. Af-
ter insufflation of 40 mL air, the knees
were rescanned in the prone position,
which allowed better distribution of air in
the posterior and intercondylar regions of
the joint, with use of the same imaging
parameters. Images were obtained with
narrow and wide window settings for best
display of the soft tissues and bones.

Evaluation and Statistical Analysis

All images were evaluated by two read-
ers (KW.P., B.D.) who were experienced
in musculoskeletal radiology. The readers
were blinded with regard to information
about the number, size, location, and type
of intraarticular bodies, and they did not
have access to all of the imaging examina-
tions of a single knee. All images obtained
with the different MR and CT techniques
of all knees were provided in a random-
ized fashion. Diagnosis of an intraarticular
body was reached by consensus. The loca-
tion of the bodies was marked on the im-
ages, and all images then were reviewed

simultaneously by two other investigators
(J.B., R.A.P.), who were familiar with the
location, size, and type of the bodies.
These investigators reviewed the images
obtained with all MR and CT techniques
simultaneously to determine true-positive,
true-negative, false-positive, and false-
negative diagnoses for each individual
body as depicted with each imaging tech-
nique. Sensitivity, specificity, and accuracy
of each imaging technique were deter-
mined. To evaluate the suitability of each
technique for detection of the bodies, only
transaxial images were considered. The
significance of these comparative results
was assessed with the McNemar sign test
(25).

RESULTS

Diagnostic sensitivity and accuracy
were better for larger bodies (Table 3).
Sample sizes for sensitivity, specific-
ity, and accuracy regarding the intra-
articular bodies (3- and 6-mm-long
sides) with the different imaging tech-
niques were too small for a statisti-
cally valid analysis. The results for the
combination of osseous (Fig 2) and
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Table 2

MR Imaging Sequences
Section Intersection Repetition Echo Number Matrix Field
Imaging Thickness Gap Time Time Flip of Signals Size of View
Modality and Sequence Plane (mm) (mm) (msec) (msec)  Angle® Acquired (pixel) (cm)
MR imaging
Fast SE PD-weighted
{localizer) Coronal 4.0 1 3,000 19 NA 2 256 x 256 14
T2-weighted SE Sagittal 4.0 1 2,200 a0 NA 2 192 x 256 14
PD-weighted SE Sagittal 4.0 1 2,200 20 NA 2 192 x 256 14
Three-dimensional
spoiled GRASS Sagittal 1.5 0 52 10 60 2 128 x 256 14
T2-weighted SE Axial 4.0 1 2,200 a0 NA 2 192 x 256 14
PD-weighted SE Axial 4.0 1 2,200 20 NA 2 192 x 256 14
Two-dimensional
spoiled GRASS Axial 4.0 1 52 10 60 2 128 = 256 14
GRASS Axial 4.0 1 400 19 20 2 192 x 256 14
Tl-weighted SE Axial 4.0 1 500 20 NA 2 192 x 256 14
MR arthrography Axial, sagittal 4.0 1 500 20 NA 2 192 x 256 14

* NA = not applicable.

Table 3

Sensitivity, Specificity, and Accuracy for Osseous and Cartilaginous Bodies Separately

Osseous Body (by length of side [mm)])

Cartilaginous Body (by length of side [mm])

Modality 3(n = 26) 6(n =23) 3 (n = 26) 6 (n = 22)
and
Sequence  Sensitivity Specificity Accuracy Sensitivity Specificity Accuracy Sensitivity Specificity Accuracy Sensitivity Specificity Accuracy
MR imaging
PD-weighted
SE 423 96.7 714 69.6 90.9 821 7.7 80.0 464 50.0 94.1 76.8
T2-weighted
SE 53.8 86.7 714 69.6 84.8 78.6 115 66.7 41.1 773 82. 80.4
GRASS 69.2 80.0 75.0 73.9 78.8 76.8 0.0 63.3 339 45 64.7 41.1
Spoiled
GRASS 76.9 76.7 76.8 82.6 87.9 85.7 4.6 80.0 58.9 50.0 55.9 53.6
T1-weighted
SE 50.0 96.7 75.0 73.9 879 821 115 96.7 57.1 36.4 824 64.3
Gadolinium-
enhanced
MR ar-
thrography ~ 88.5 96.7 929 91.3 97.0 94.6 80.8 93.3 87.5 81.8 97.1 91.1
5 | 923 86.7 89.3 100.0 93.9 96.4 38 80.0 14 318 85.3 64.3
CT arthrog-
raphy 96.2 90.0 929 100.0 93.9 96.4 231 833 554 54.5 91.2 76.8

Note.—Numbers are percentages.

cartilaginous (Figs 3, 4) bodies, as well
as the results of the combined evalua-
tion of all bodies (osseous and carti-
laginous bodies of all sizes) are shown
in more detail (Table 4, Figs 5-7).
These results more closely simulate
the clinical situation, in which the
bodies vary in size and are of un-
known type.

Osseous Bodies

The most sensitive MR techniques
for the detection of osseous bodies
were MR arthrography (90%) and
spoiled GRASS imaging (80%) (Tables
3, 4; Fig 5). The sensitivity of each was
significantly better than that of GRASS,
T1-weighted SE, T2-weighted SE, and
PD-weighted SE imaging (P < .01).

Volume 200 ®* Number 2

The osseous bodies were best seen on
MR arthrograms and spoiled GRASS
and GRASS images as structures with
low signal intensity (Fig 2). Suscepti-
bility effects helped delineate the os-
seous bodies to better advantage on
spoiled GRASS and GRASS images.
T1-weighted SE, T2-weighted SE, and
PD-weighted SE images showed the
least contrast between the bodies and
the surrounding tissues. Arthro-
graphic effects of residual joint fluid
helped delineate the osseous bodies
on T2-weighted SE and GRASS im-
ages (Fig 2).

Osseous bodies were depicted with
both CT and CT arthrography with
the same sensitivity (96% and 98%,
respectively). CT and CT arthrogra-
phy were significantly more sensitive

in the depiction of osseous bodies
than spoiled GRASS, GRASS, and T2-
weighted SE imaging (P < .05). No
significant differences were found in
sensitivity between CT and MR ar-
thrography (P = .38) and between CT
arthrography and MR arthrography
(P = .13).

Cartilaginous Bodies

The most sensitive MR technique
for the detection of cartilaginous bodies
was MR arthrography, with 81% sen-
sitivity (Fig 3). Gadolinium-enhanced
MR arthrography was significantly
more accurate (P < .01) in the depic-
tion of cartilaginous bodies than MR
imaging with all sequences (Tables 3,
4; Fig 6). Sensitivities of T2-weighted
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SE and spoiled GRASS sequences for
the detection of cartilaginous bodies
were significantly greater than sensi-
tivities of PD-weighted SE (P < .04
and P < .05, respectively), T1-weighted
SE (P = .004 and P = .01, respectively),
and GRASS (P < .0001 and P < .0001,
respectively) imaging. Sensitivities of
PD-weighted SE and T1-weighted SE
imaging were significantly greater
than sensitivity of GRASS imaging

(P < .0001 and P = .002, respectively).
Cartilaginous bodies were depicted
with low signal intensity at MR arthrog-
raphy; with intermediate signal inten-
sity at T2-weighted SE, T1-weighted
SE, and PD-weighted SE imaging;
and with high signal intensity at
spoiled GRASS and GRASS imaging
(Fig 3). Arthrographic effects at T2-
weighted SE imaging again helped
detection of cartilaginous bodies. No
such effect was seen at T2-weighted
GRASS imaging, however, when car-
tilage was depicted with the same
high signal intensity as residual joint
fluid.

In the detection of cartilaginous
bodies, CT arthrography was signifi-
cantly better than CT (38% versus
17%, P = .002 [Table 4, Fig 6]). Carti-
laginous bodies had attenuation simi-
lar to that of the surrounding soft tis-
sues and were difficult to delineate at
CT (Fig 4). The sensitivity of CT ar-
thrography was not statistically differ-
ent from that of spoiled GRASS, T2-
weighted SE, PD-weighted SE, and
T1-weighted SE imaging (P > .12). CT
arthrography, however, was signifi-
cantly more sensitive than GRASS
imaging (P < .04) in the detection of
cartilaginous bodies. The sensitivity
of MR arthrography was significantly
greater than that of CT, CT arthrogra-
phy, and MR imaging with all se-
quences (P = .0001) in the detection
of cartilaginous bodies.

Osseous and Cartilaginous Bodies

For the evaluation of all bodies (os-
seous and cartilaginous, all sizes) MR
arthrography yielded the greatest
sensitivity (86%) and was significantly
more sensitive than MR imaging with
all sequences (P < .01 [Table 5, Fig
7]). With MR imaging, the second
greatest sensitivity was found with
spoiled GRASS imaging (61%), which
was significantly greater than that of
T1-weighted SE, PD-weighted SE,
and GRASS imaging (P < .01). The
sequence with overall poorest results
for the detection of osseous and carti-
laginous bodies was GRASS (sensitiv-
ity, 37%).
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Figure 2. Transaxial MR imaging of a cuboid (3-mm-long sides) osseous body (arrow). The
body is clearly depicted on the (a) T2-weighted GRASS (repetition time msec/echo time msec =
400/19, with 20° flip angle) image and (b) the T1-weighted spoiled GRASS (52/10, with 60° flip
angle) image as a structure with low signal intensity. (c) The body is not depicted as clearly on
the PD-weighted SE (2,200/20) image. (d) The body is clearly depicted on the T2-weighted SE
(2,200/90) image, owing to arthrographic effects of a small joint effusion. (e) The body is not
depicted as clearly on the T1-weighted SE (500/20) image, and the body was missed at review.
(f) The body is clearly depicted on the gadolinium-enhanced T1-weighted SE (500/20) MR

arthrogram.

Sensitivity for the detection of all
osseous and cartilaginous bodies of all
sizes was significantly greater with CT
arthrography (68%) than with CT
(57%) (P = .001); however, sensitivi-
ties of both CT and CT arthrography
were significantly less than sensitivity
of MR arthrography (86%) (P < .002
[Fig 7]). Although the sensitivity of
CT arthrography was not statistically
different (P = .23) from that of spoiled
GRASS in the detection of all bodies,
it was significantly greater than that
of the other nonenhanced MR imag-
ing sequences (P < .006). The sensi-
tivity of CT was not statistically differ-
ent from that of spoiled GRASS or T2-
weighted SE imaging (P > .48) but
was greater than that of T1-weighted

SE, PD-weighted SE, or GRASS imag-
ing (P < .02).

The specificities of MR arthrography
and T1-weighted SE and PD-weighted
SE imaging and CT arthrography were
not statistically different (P > .07), but
they were significantly greater (P < .01)
than those of spoiled GRASS, T2-
weighted SE, and GRASS imaging (Fig
7). The specificity of CT was signifi-
cantly greater than that of spoiled
GRASS, T2-weighted SE, or GRASS
imaging (P < .02) but was statistically
inferior to that of MR arthrography
(P < .02).

MR arthrography was significantly
more accurate than all other imaging
modalities (P = .0001 [Table 4]). CT
arthrography yielded the second
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highest accuracy, which was signifi-
cantly greater than that of spoiled
GRASS, PD-weighted SE, T2-weighted
SE, T1-weighted SE, GRASS imaging,
or CT (P < .002). The accuracies of
spoiled GRASS, PD-weighted SE, T2-
weighted SE, T1-weighted SE imag-
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Figure 3. MR imaging in two cuboid carti-
laginous bodies (3-mm-long sides) (arrows)
in the sagittal plane. (a) The bodies are de-
picted on the T1-weighted spoiled GRASS
(52/10, with 60° flip angle) image as structures
with high signal intensity. (b) Only the ante-
rior body is depicted on the T2-weighted SE
(2,200/90) image, which is enhanced by the
arthrographic effect of a small joint effusion.
(c) None of the bodies are depicted on the
PD-weighted SE (2,200/20) image. (d) The
bodies are most clearly depicted, with low
signal intensity, on the gadolinium-enhanced
T1-weighted SE (500/20) MR arthrogram.

ing, or CT were not statistically differ-
ent from each other (P > .18). The
accuracy of CT, however, was greater
than that of GRASS imaging (P < .001).

Effect of Intraarticular Saline on
the Detection of Intraarticular
Bodies with MR Imaging

Overall, accuracy for the detection
of osseous and cartilaginous bodies
combined improved with the injec-
tion of saline compared with nonen-
hanced imaging (Table 4). Saline-en-
hanced MR imaging was superior to
nonenhanced MR imaging with
spoiled GRASS (P < .001), GRASS
(P < .001), PD-weighted SE (P < .01),
and T2-weighted SE (P < .001) se-
quences but yielded no advantage
compared with nonenhanced MR im-
aging with the T1-weighted SE se-
quence (P = .99). Despite the im-
proved detection of intraarticular
bodies at saline-enhanced MR imag-
ing, however, the accuracy of gado-
linium-enhanced MR arthrography
was superior for the detection for all
types of intraarticular bodies (P <
.001).

The improved accuracies for saline-
enhanced MR arthrography compared
with nonenhanced MR imaging were
mainly related to improved sensitivi-
ties for the detection of osseous and
cartilaginous bodies at MR imaging
with all sequences. However, signifi-
cantly greater sensitivities for saline-
enhanced MR arthrography were
found for the detection of cartilagi-
nous bodies only with GRASS (P <
.001) and T2-weighted SE sequences
(P < .001) and for the detection of
osseous bodies only with the T2-
weighted SE sequence (P = .04). Al-
though the specificities for the detec-
tion of osseous and cartilaginous
bodies combined also improved for
saline-enhanced MR arthrography
with all sequences, this effect was sta-
tistically significant only with spoiled
GRASS (P < .001) and T2-weighted
SE sequences compared with non-
enhanced MR imaging (P < .001).

Sagittal versus Transaxial
MR Imaging

To determine the best imaging
plane for evaluation of the intercon-
dylar area and posterior joint space in
the knee, results of spoiled GRASS,
PD-weighted SE, T2-weighted SE im-
aging, and MR arthrography were
compared in the axial and sagittal
planes. Significantly greater accuracies
were achieved with spoiled GRASS, T2-
weighted SE, and PD-weighted SE
imaging in the sagittal plane (81%,
53%, and 49%, respectively) compared
with the transaxial plane (58%, 46%,
and 28%, respectively [P < .04]). No
significant differences were found at
MR arthrography between the trans-
axial and sagittal planes (75% and
70%, respectively [P > .05]).

DISCUSSION

The usefulness of MR imaging in
the diagnosis of internal derange-
ments of joints is widely accepted.
Similarly, the importance of MR imag-
ing and MR arthrography for the di-
agnosis of osteochondritis dissecans
(16,21,24,26), cartilage defects (18,24,27),
and other internal derangements of
joints (14-7,19,20,23,24,28,29) has been
well demonstrated. Only a few reports,
however, comment on the usefulness
of MR imaging and MR arthrography
in the diagnosis of intraarticular bod-
ies (15,22,23,29), and MR imaging is
not considered the primary imaging
method in this clinical situation.

Intraarticular bodies can be identi-
fied at radiography and conventional
tomography when they are radiopaque,
but in the knee they may be difficult
to discriminate from central osteo-
phytes, meniscal ossification, calcifica-
tion, sesamoid bones, and prominent
tibial spines (7,8,30). Conventional
arthrography and arthrotomography
with single- or double-contrast tech-
nique facilitate the diagnosis of radio-
lucent fragments (5,7).

CT and CT arthrography provide
thin-section images of regions of com-
plex anatomy with good soft-tissue
contrast and no superimposition of
structures. These techniques have
been employed successfully in vari-
ous joints (8-12). Limitations of CT,
however, include restriction to one
imaging plane, especially in complex
anatomic regions, and difficulties in
discriminating between cartilage, in-
traarticular fibrinoid structures (as in
rheumatoid arthritis), and adjacent
soft tissue (11). Use of multiplanar CT
reformations has improved diagnostic
accuracy (8) and has helped exclude
possible pitfalls (eg, osteophytes and
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bone prominences that simulate intra-
articular bodies) (8,30). Single-contrast
CT arthrography technique with air
has improved the diagnostic yield in
cases of osteochondritis dissecans and
the ability to discriminate capsular
calcifications (8,11,12), and it has been
reported to allow identification of os-
seous and osteocartilaginous bodies
as small as 2-3 mm in diameter (8,11).
Additional application of a positive
contrast agent has not contributed to
improved diagnostic accuracy. In-
deed, the use of a positive contrast
agent may obscure small bodies (11).
US also has been used for the diagno-
sis of intraarticular bodies (13). De-
tectability of abnormalities depends
on the presence of intraarticular fluid
and acoustic shadowing, which is pre-
sent only if the intraarticular bodies
are ossified or calcified; otherwise,
intraarticular bodies may be missed.

Murphy (22) found results with MR
imaging are moderately good in de-
tection of intraarticular bodies. In a
comparative study of double-contrast
CT arthrography and nonenhanced
MR imaging of the shoulder, Jahnke
et al (15) found that MR imaging and
CT arthrography had the same diag-
nostic accuracy in the diagnosis of
intraarticular bodies (sensitivity for
both techniques, 50%; specificity for
MR imaging, 95%, and for CT ar-
thrography, 98%). In their study of 25
patients with shoulder complaints,
however, intraarticular bodies were
found in only two patients, and no
information was given regarding the
size or the type of the bodies. Similar
data were provided by Neumann et al
(29). Their study also was limited by
the small number of intraarticular
bodies (1 = 2) that were examined.
Superior display of intraarticular bod-
ies with MR arthrography was men-
tioned by Chandnani et al (23), espe-
cially when the bodies were small.
Improved diagnosis of intraarticular
bodies with MR imaging was noted in
the presence of fluid and the role of
MR arthrography was emphasized as
a useful method in the absence of
fluid (31). To our knowledge, how-
ever, CT arthrography is still recom-
mended generally for the diagnosis of
intraarticular bodies.

On the basis of our results, MR ar-
thrography seems to be the imaging
method of choice in those situations
in which neither the size nor the type
of suspected intraarticular bodies are
known. For combined evaluation of
all osseous and cartilaginous bodies,
MR arthrography yielded the best
sensitivity and specificity, resulting in
an accuracy of 92%. This was signifi-
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cantly better than that for MR imaging
with all sequences, CT arthrography,
and CT. Although CT arthrography
was significantly better than nonen-
hanced MR imaging, CT was equiva-
lent to these MR imaging sequences.

The sensitivities of CT and CT ar-
thrography were superior to those of
nonenhanced MR imaging for the
diagnosis of osseous bodies in the
knee, but neither CT nor CT arthrog-
raphy were significantly more sensi-
tive than gadolinium-enhanced MR
arthrography. Gradient-echo images
(spoiled GRASS, GRASS) yielded the
best sensitivities among the nonen-
hanced MR imaging sequences for
the detection of osseous bodies; this
finding agrees with the conclusion of
Murphy (22). The sensitivity of gradi-
ent-echo imaging to local susceptibil-
ity distortions around the intraarticu-
lar bodies is presumably an important
factor in the superior results with
these sequences in the diagnosis of
osseous bodies; however, this effect
also explains the lower specificity.

Dramatic differences between MR
arthrography and MR imaging with
all sequences were seen for diagnosis
of cartilaginous bodies. Results with
gadolinium-enhanced MR arthrogra-
phy were significantly better than
those with nonenhanced MR imaging
with all sequences, CT arthrography,
and CT, yielding a sensitivity of 81%.
The sensitivity of CT arthrography
(38%) for the detection of cartilagi-
nous bodies was equivalent to that of
spoiled GRASS and T2-weighted im-
aging; however, CT arthrography
provided better specificity. The low
sensitivity of CT arthrography for the
detection of cartilaginous bodies is
somewhat surprising and is explained
primarily by inadequate distribution
of air in the joint and also by the in-
ability to differentiate the attenuation
of cartilaginous bodies from that of
adjacent soft tissues. PD-weighted SE,
T1-weighted SE, and especially
GRASS imaging were not suitable for
the detection of cartilaginous bodies.
CT arthrography was significantly
better than CT for the detection of
cartilaginous bodies.

Our results confirm those in previ-
ous reports that indicate saline-en-
hanced MR arthrography is feasible
and advantageous (28,32). Improved
accuracy for the detection of osseous
and cartilaginous bodies was found at
saline-enhanced MR imaging with all
but T1-weighted SE sequences. The
greatest effects of saline enhancement
on sensitivity were noted for the T2-
weighted SE and GRASS sequences,
and on specificity were noted for the

~

C.

Figure 4. Transaxial CT scans of a cuboid
cartilaginous body (3-mm-long sides) (arrow)
in the intercondylar region. The body was not
depicted on CT scans obtained with (a) nar-
row windows (level, 40 HU; width, 550 HU)
or (b) wide windows (level, 500 HU; width,
2,400 HU). (¢) The body was most clearly de-
picted on CT arthrogram obtained with wide
window settings (level, 500 HU; width, 2,400
HU).

spoiled GRASS sequence. Diagnostic
accuracy for the detection of osseous
and cartilaginous bodies combined,
however, was still significantly better
for gadolinium-enhanced MR ar-
thrography.

In the special situation of the knee,
sagittal imaging is favored over axial
imaging when the presence of intra-
articular bodies is suspected in the
intercondylar and posterior joint space.
This may relate primarily to superior
display of the anatomy and better de-
lineation of the bodies adjacent to the
tibial plateau in sagittal images. With
the spoiled GRASS sequence, increased
accuracy with sagittal images is also a
result of 1.5-mm-thick sections com-
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Saline-
enhanced

All Bodies (n = 97)
Sensitivity Specificity Accuracy
Saline- Saline-
enhanced Other enhanced Other
MR Ar- Modal- MRAr- Modal- MRAr-
thrography ities thrography ities thrography

Accuracy

Saline-
enhanced Other
Modal- MRAr- Modal-
ities thrography ities

enhanced Other

Saline-
MR Ar-
thrography

All Cartilaginous Bodies (n = 48)
Specificity
Modal-
ities

Saline-
enhanced Other

Sensitivity
MR Ar-
thrography

Modal-
ities

Saline-
enhanced Other

Accuracy
MRAr- Modal- MR Ar-
ities thrography

thrography

Saline-
enhanced Other

Specificity

All Osseous Bodies (n = 49)
Modal-
ities

Saline-
enhanced Other

Sensitivity
MR Ar-
thrography

Other
Modal-
ities

Modality
and
Sequence

Sensitivity, Specificity, and Accuracy for All Osseous and Cartilaginous Bodies

Table 4

Volume 200 * Number 2

MR imaging

55.1 63.3 93.7 95.2 76.8 813 271 354 87.5 93.8 61.6 68.8 412 495 90.6 94.5 69.2 75.0

PD-weighted
SE

755 85.7 90.5 75.0 839 417 68.8 75.0 89.1 60.7 80.4 515 722 80.3 89.8 67.9 82.1

61.2

T2-weighted
SE

79.4 87.3 759 848 21 333 64.1 65.6 375 51.8 371 57.7 717 76.4 56.7 68.3

81.6

714

GRASS

79.6 85.7 825 93.7 81.3 90.2 417 479 67.2 90.6 56.3 723 60.8 67.0 748 92.1 68.8 81.3

Spoiled
GRASS

T1-weighted

63.3 92.1 90.5 78.6 78.6 29 313 89.1 84.4 60.7 61.6 423 474 90.6 87.4 69.6 70.1

61.2

SE

Gadolinium-
enhanced
MR ar-

96.8 NA 93.8 NA 81.3 NA 95.3 NA 89.3 NA 85.6 NA 96.1 NA 91.5 NA

NA

thrography  89.8

NA 90.5 NA 929 NA 16.7 NA 82.8 NA 54.4 NA 56.7 NA 86.6 NA 737 NA

959

NA 92.1 NA 94.6 NA 375 NA 87.5 NA 66.1 NA 68.0 NA 89.8 NA 80.4 NA

98.0

CT arthrog-
raphy

Note.—Numbers are percentages. NA = not applicable.

pared with the 4-mm-thick sections
on transaxial images.

Some limitations apply to our study.
First, the experimental situation may
not reflect the clinical situation. For
practical reasons, the intraarticular
bodies were designed as cuboid
shapes. This shape certainly is not
physiologic and may have influenced
the results. Such bodies were easy to
create, however, and should not in-
fluence the signal intensities observed
on the different MR images.

Second, the distribution of the bod-
ies in our study may not reflect the
physiologic situation; however, com-
mon locations for intraarticular bodies
in the knee are the suprapatellar
pouch, the popliteus tunnel, recesses
beneath the menisci, and the inter-
condylar notch (1).

Third, the length of each side of the
cuboid bodies was restricted to 3 or 6
mm, and the bodies consisted of ei-
ther cartilage or bone. In the clinical
situation, however, bodies of all sizes
occur and they are predominantly of
mixed consistency. The diameter of
most reported intraarticular bodies
has been 2-8 mm (11). Smaller bodies
(sides <1.5 mm long) could not be
prepared reliably with our experi-
mental methods. The primary intraar-
ticular body (nidus) may be composed
of only bone or cartilage or it may be
composed of both (2-4), but intraar-
ticular bodies undergo certain changes
with predominantly proliferative al-
terations characterized by juxtaposed
osseous and cartilaginous layering. In
a series of more than 200 intraarticu-
lar bodies in 119 patients, Milgram (3)
reported secondary calcification in
91.6%, cartilaginous layering in 86.6%,
and osseous layering in 79.8%.

Fourth, although residual water
from surgery was carefully aspirated
from the knee joints prior to MR im-
aging, small amounts remained in the
joints, which may have affected the
sensitivity and specificity of MR imag-
ing with all sequences to a varying
degree. In particular, results with the
T2-weighted sequences may have im-
proved as a result of this arthrographic
effect. The saline-enhanced examina-
tions, however, showed significantly
better results than the nonenhanced
MR examinations, which indicates
that the effect of residual fluid was
not important. Also, small amounts of
intraarticular fluid are physiologic,
and intraarticular fluid volume may
be pronounced in the clinical situa-
tion of intraarticular bodies.

Fifth, susceptibility artifacts may
have been produced as a result of
small air inclusions, piercing of the
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Figures 5-7. Diagrammatic displays of sensitivity (lined box) and
specificity (open box) of all nonenhanced MR imaging sequences,
gadolinium-enhanced MR arthrography, CT, and CT arthrography 1004 °F
for (5) all osseous bodies, (6) all cartilaginous bodies, and (7) combined 8§ a0
osseous and cartilaginous bodies of all sizes. CTa = CT arthrography, 80 - 75
MRa = MR arthrography, PDW = PD-weighted, SPGR = spoiled
GRASS, T1w = T1-weighted, and T2w = T2-weighted. 60 o1 o

. . 40 |
bodies, and the suture material,
which would produce false-positive 20 |
results and improve visualization of
the bodies. The suture material with 0
the fewest susceptibility effects was MRa SPGR  Tow
chosen, however, and the effects , 4

were not prominent on the images.

Sixth, our study design does not
represent the clinical imaging situa-
tion, in which images obtained with
several different sequences and in
several different imaging planes are
evaluated simultaneously. Our study
design was necessary, however, to
allow determination of the best imag-
ing sequences and planes to evaluate
suspected intraarticular bodies. These
sequences and planes may be added
to the regular imaging protocol in
such cases. Also, our results at CT
may have been less successful than
we would have achieved with state-
of-the-art equipment.

In conclusion, this is the first study,
to our knowledge, to compare simul-
taneously findings with MR imaging,
MR arthrography, CT, and CT ar-
thrography for the diagnosis of osse-
ous and cartilaginous intraarticular
bodies. Despite some experimental
limitations, the results of this cadav-
eric study strongly suggest gadolin-
ium-enhanced MR arthrography is
the imaging method of choice to
evaluate for suspected intraarticular
bodies. Gadolinium-enhanced MR
arthrography with T1-weighted SE
should be the imaging method of
choice regardless of the type of bodies
present (which usually is not known
in the clinical situation). If arthrogra-
phy (CT or MR) is not planned or if
the patient’s consent cannot be ob-
tained for arthrography, MR imaging
with T1-weighted three-dimensional
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spoiled GRASS and T2-weighted SE
sequences should be performed in at
least two planes. The detection of in-
traarticular bodies was improved by
intraarticular fluid at saline-enhanced
MR arthrography, especially with T2-
weighted SE and GRASS sequences,
owing to the arthrographic effects. In
cases of suspected intraarticular bod-
ies in the knee, the intercondylar and
posterior joint spaces should be exam-
ined preferably in the sagittal plane.
On the basis of our results, CT arthrog-
raphy should be the imaging method
of choice if MR imaging is not avail-
able. Our conclusions are based on a
cadaveric study with certain limita-
tions, however, and our separate
evaluation of imaging planes and

MR imaging sequences was not per-
formed as it would be clinically, when
several imaging planes and sequences
are evaluated simultaneously. Our
results strongly support the need for
clinical trials to evaluate MR imaging
and MR arthrography in the diagno-
sis of intraarticular bodies. m
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