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Preliminary Investigation

Saline versus Gadolinium-
enhanced Magnetic Resonance
Arthrography of Porcine Cartilage

Lawrence Yao, MD, Amilcare Gentili, MD, Leanne L. Seeger, MD

Rationale and Objectives. The authors compared saline and dilute gado-
pentetate dimeglumine as injectants for magnetic resonance (MR) arthrog-
raphy.

Methods. Sixty-three lesions were created on the joint surfaces of six pig
patellas. MR arthrography (1.5 T) was performed with the specimens in sa-
line and then in 2 mmol gadopentetate dimeglumine by using fat-saturated
two-dimensional (2D) and three-dimensional (3D) sequences. Two muscu-
loskeletal radiologists independently interpreted the images.

Results. At 2D MR arthrography, reader 1 performed equally well with sa-
line and gadolinium solutes, whereas reader 2 had better sensitivity with
the saline solute (P < .05); interobserver agreement was equivalent for sa-
line and gadolinium solutes. With 3D MR arthrography, reader 2 performed
cqually well with saline and gadolinium solutes, whereas reader 1 had bet-
ter sensitivity (P < .0001) but poorer specificity (P < .001) with the gado-
linium solute; interobserver agreement was significantly better for saline
than for gadopentetate dimeglumine (P < .05).

Conclusion. In this initial evaluation, there was no clear advantage to us-
ing gadolinium-enhanced MR arthrography over saline MR arthrography for
detecting lesions in porcine hyaline cartilage.

Key Words. Arthrography; cartilage, MR; gadolinium.

agnetic resonance (MR) arthrography has been reported to be more
M accurate than conventional MR imaging for the diagnosis of lesions
of the joint surface, improving the assessment of chondromalacia, chondral
defects, and osteochondritis dissecans [1-3]. In the absence of a joint effu-
sion, an intraarticular injection affords joint distention and can improve im-
age contrast along the joint surface.

High-quality MR arthrographic images can be acquired with the intra-
articular administration of saline alone. Intraarticular injection of saline af-
fects joint distention, and saline has signal intensity characteristics suffi-
ciently different from those of hyaline and fibrocartilage to act as an MR
contrast agent. Initial experience in cadavers has suggested that gado-
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linium-enhanced MR arthrography is superior to saline
MR arthrography for the detection of cartilage defects,
at least with two-dimensional (2D) spin-echo (SE) se-
quences [1]. To date, however, the intraarticular ad-
ministration of gadolinium chelates is not approved by
the U.S. Food and Drug Administration, carries poten-
tial unknown risks, and increases cost. Meanwhile, new
and faster MR techniques such as fast SE and three-di-
mensional (3D) gradient-echo (GRE) imaging have im-
proved the MR evaluation of cartilage.

In this study, we compared a dilute gadolinium che-
late to saline as potential injectants for the detection of
experimentally created lesions in porcine cartilage with
MR arthrography.

MATERIALS AND METHODS

Six patellas were harvested from three freshly sacri-
ficed pigs. Ten lesions each were created with a motor-
ized drill on the joint surfaces of four patellas, and 12
lesions each were created on the surfaces of two patel-
las. Lesion diameters were 1.6, 2.0, 2.4, 2.8, or 3.2 mm.
Partial-thickness cartilage lesions of differing depths
were created at each diameter. This procedure yielded
a total of 63 analyzable lesions (one lesion was incom-
pletely imaged).

MR imaging was performed at 1.5 T (Signa, version
5.3; GE Medical Systems, Milwaukee, WI) with a round,
three-inch receiver coil. Two patellas were imaged at a
time. The 2D sequences included fast SE with spectral
fat saturation, an echo train length of eight, a repetition
time of 2,500 msec, effective echo times of 25 and 125
msec, 3-mm-thick sections (interleaved), two signals ac-
quired, and a 192 x 256 matrix. T1-weighted conven-
tional, 2D SE images were acquired with spectral fat
saturation, a repetition time of 500 msec, an echo time
of 20 msec (500/20), 3-mm-thick sections (interleaved),
two signals acquired, and a 192 X 256 image matrix.
The 3D images were obtained with a spoiled gradient-
recalled (SPGR) sequence by using spectral fat satura-
tion, 55/10, a flip angle of 50°, 2-mm-thick sections,
two signals acquired, and a 32 x 192 x 256 matrix. The
field of view was 6 x 8 cm for all sequences.

The patellas were immersed in saline for fat-satu-
rated 2D fast SE and 3D SPGR imaging, and then in a
1:250 dilution (2 mmol) of gadopentetate dimeglumine
(Magnevist; Berlex, Wayne, NJ) in saline solution for fat-
saturated 2D T1-weighted SE and 3D SPGR imaging.
The same patellar orientation was maintained between
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TABLE 1: Summary of Results for Two Readers

Imaging Technique Reader 1 (%) Reader 2 (%)

2D MR arthrography
Saline-enhanced

Sensitivity 48 of 63 (76) 54 of 63 (86)"

PPV 48 of 54 (89) 54 of 63 (86)
Gadolinium-enhanced

Sensitivity 46 of 63 (73) 45 of 83 (71)*

PPV 46 of 48 (96)
3D MR arthrography
Saline-enhanced

45 of 48 (94)

Sensitivity 44 of 63 (70)* 50 of 63 (79)

PPV 44 of 44 (100)* 50 of 51 (98)
Gadolinium-enhanced

Sensitivity 60 of 63 (95)f 50 of 63 (79)

PPV 60 of 72 (83)* 50 of 53 (94)

Note.—Numbers in parentheses are percentages. PPV = posi-
tive predictive value.

* P < .05 (for differences in specificity).

T P < .0001 (for differences in specificity).

* P < .001 (for differences in specificity).

the two sets of images by embedding the specimens in
nontoxic plummer putty.

Images were interpreted by two experienced muscu-
loskeletal radiologists (A.G., L.L.S.) in independent
readings. Readers interpreted each technique (2D sa-
line and gadolinium-enhanced MR arthrography, 3D sa-
line MR arthrography and gadolinium-enhanced MR ar-
thrography) on separate occasions. Only the T2-
weighted images from the fast SE acquisitions were
interpreted for 2D saline MR arthrography. Reading ses-
sions were separated by at least 3 days. Readers scored
suspicious lesions along the patellar joint surface as fol-
lows: 1 = probably not a lesion, 2 = probably a lesion,
or 3 = definitely a lesion. The scores were marked on
the hard copy. A third reader tabulated the indepen-
dent readings, comparing them to detailed maps of le-
sion size and location. Scores of 2 or 3 were considered
positive responses. A score of 1 or no score were con-
sidered negative responses. This scoring system permit-
ted an efficient, paired comparison of the sensitivity
and specificity of the arthrographic techniques but pre-
cluded a global tabulation of true-negative findings.
Thus, although specificity was not specifically calcu-
lated, the sensitivity and specificity of sequences per-
formed with saline could be compared with those of se-
quences performed with dilute gadolinium solution by
tabulating the discordant readings for each reader
(McNemar test). A probability of .05 was taken as the
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A.

FIGURE 1. A, 2D saline MR arthrogram (T2-weighted fast SE sequence with spectral fat
saturation) shows two lesions (P and Q) that were detected by both readers. Note the dis-
tinct bitaminar appearance of the hyaline cartilage, which has a broad, low-signal-intensity
basal zone (arrows). B, 2D gadolinium-enhanced MR arthrogram (T1-weighted SE se-
guence with spectral fat saturation) obtained at the same location as A. Lesion Q is less
well depicted than on the 2D saline MR arthrogram but was detected by both readers,

whereas lesion P was missed by both readers.

threshold for a type I error in reporting a statistically
significant difference in the rate of discordant observa-
tions. Interobserver variability was expressed for two
response categories (lesion, no lesion) with kappa as
defined by Cohen.

RESULTS

Results for the two readers are summarized in Table
1 and detailed below.

2D MR Arthrography

Reader 1 identified 48 of the 63 lesions with saline
MR arthrography and 46 with gadolinium-enhanced MR
arthrography. A tabulation of discordant readings for
reader 1 revealed the following: Nine lesions were de-
tected only with saline MR arthrography and seven only
with gadolinium-enhanced MR arthrography, indicating
no statistically significant difference in sensitivity (Fig
1). Five false-positive findings occurred only with saline
MR arthrography and one false-positive finding oc-
curred only with gadolinium-enhanced MR arthrogra-
phy, indicating no statistically significant difference in
specificity.

Reader 2 identified 54 of the 63 lesions with saline
MR arthrography and 45 with gadolinium-enhanced MR
arthrography. A tabulation of discordant readings for
reader 2 revealed the following: 14 lesions were de-
tected only with saline MR arthrography and five only
with gadolinium-enhanced MR arthrography (Fig 1), in-

dicating a significantly higher sensitivity for saline MR ar-
thrography (P < .05). Eight false-positive findings oc-
curred only with saline MR arthrography and two oc-
curred only with gadolinium-enhanced MR arthrogra-
phy, indicating no statistically significant difference in
specificity.

There were 77 composite responses for 2D saline MR
arthrography, and kappa for the two readers was 0.27
(95% confidence interval [CI] = 0.03, 0.50). There were
69 composite responses for 2D gadolinium-enhanced
MR arthrography, and kappa for the two readers was
0.38 (95% CI = 0.17, 0.60). Thus, the difference be-
tween the interobserver agreements for 2D saline and
gadolinium-enhanced MR arthrography was not statisti-
cally significant.

3D MR Arthrography

Reader 1 identified 44 of the 63 lesions with saline
MR arthrography and 60 with gadolinium-enhanced MR
arthrography. A tabulation of discordant readings for
reader 1 revealed the following: No lesions were de-
tected with saline MR arthrography alone and 16 were
detected only with gadolinium-enhanced MR arthrogra-
phy, indicating a significantly higher sensitivity for gado-
linium-enhanced MR arthrography (P < .0001). Reader 1
had no false-positive findings with saline MR arthrogra-
phy and 12 with gadolinium-enhanced MR arthrography
(Fig 2), indicating a significantly higher specificity for sa-
line MR arthrography (P < .001).

Reader 2 identified 50 of the 63 lesions with saline
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FIGURE 2. A, 3D saline MR arthrogram (SPGR sequence with spectral fat saturation)

shows two lesions (X and Y) that were detected by both readers. There is good contrast
along the cartilage surface with this “dark fluid” technique. B, 3D gadolinium-enhanced MR
arthrogram (SPGR sequence with spectral fat saturation) obtained at the same level as A
depicts the two lesions (X and Y), although contrast is poorer along the cartilage surface
than with 3D saline MR arthrography. Reader 1 detected both lesions, whereas reader 2
detected only lesion Y. Reader 1 also interpreted a vague area of higher signal intensity
along the joint surface (FP) as a lesion, although none existed.

MR arthrography and 50 with gadolinium-enhanced MR
arthrography. A tabulation of discordant readings for
reader 2 revealed the following: Seven lesions were de-
tected only with saline MR arthrography and seven only
with gadolinium-enhanced MR arthrography, indicating
no statistically significant difference in sensitivity. One
false-positive finding occurred only with saline MR ar-
thrography and three false-positive findings occurred
only with gadolinium-enhanced MR arthrography, indi-
cating no statistically significant difference in specific-
ity.

There were 66 composite responses for 3D saline
MR arthrography, and kappa for the two readers was
0.74 (95% CI = 0.57, 0.92). There were 79 composite
responses for 3D gadolinium-enhanced MR arthrogra-
phy, and kappa for the two readers was 0.05 (95% CI =
—0.13, 0.23). Thus, interobserver agreement was signifi-
cantly better for 3D saline MR arthrography than for 3D
gadolinium-enhanced MR arthrography.

DISCUSSION

Our results suggest no clear advantage to the use of
a gadolinium chelate for detecting focal lesions in hya-
line cartilage with MR arthrography. With 2D imaging,
one reader actually had a higher sensitivity with saline
MR arthrography. With 3D imaging, one reader had a
higher sensitivity but lower specificity with gado-
linium-enhanced MR arthrography. With 3D imaging,
interobserver agreement was significantly better with
saline than with gadopentetate dimeglumine. Our study
is admittedly an artificial diagnostic model with porcine
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patellar specimens and a limited number of readers.
This model may not be directly generalizable to daily
MR imaging practice in human subjects.

Different results might also conceivably be obtained
with other imaging parameters or pulse sequences. Our
2D sequences were “bright fluid” techniques. We used
a dark fluid sequence for 3D saline imaging, whereas a
bright fluid sequence was used for 3D gadolinium-en-
hanced imaging. OQur choice of MR pulse sequences
was based on prevailing recommendations in the litera-
ture [4-6] and on our own clinical experience.

2D gadolinium-enhanced MR arthrography is typi-
cally performed with T1-weighted SE sequences, often
with spectral fat saturation. On these images, the in-
jectant is hyperintense (bright) relative to cartilage and
capsular structures. Chandnani et al [7] deemed fat-
saturated T1-weighted SE images better than proton-
density-weighted, T2-weighted, or non-fat-saturated
T1-weighted SE images for the visualization of cartilage
in cadaver knees after intraarticular saline injection.
Tervonen et al [6], however, also evaluated cartilage le-
sions created in cadaver knees after intraarticular saline
injection and found fast SE images to be far superior to
conventional SE images, with or without spectral fat
saturation. Fast SE sequences are time-efficient, and in-
cidental magnetization transfer contrast in fast SE imag-
ing of cartilage confers a potential advantage over GRE
and conventional SE techniques [8, 9]. Thus, we chose
a bright fluid, fat-saturated, fast SE sequence for 2D sa-
line MR arthrography in this study.

Recht et al [5] found a fat-saturated 3D SPGR se-
quence (52/10, 60° flip angle) to be superior to 2D SE
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imaging and 3D gradient-recalled acquisition in the
steady state (GRASS; GE Medical Systems) (40/10, 30°
flip angle) in the depiction of naturally occurring carti-
lage lesions in cadaveric human knees. Disler et al [4]
optimized the contrast-to-noise ratio of knee cartilage
to saline for a fat-saturated 3D SPGR sequence and
found similar sequence parameters (60/5, 40° flip
angle) to be best. Tervonen et al [6] also found 3D
SPGR (30/9, 30° flip angle) to be superior to 3D GRASS
and steady state free precession (SSFP) techniques in
the detection of cartilage lesions created in human ca-
daver knees. Van der Linden [10] deemed a SPGR se-
quence (65/11.5; 30°-45° flip angle) preferable to
other spoiled and steady-state GRE sequences at 0.5 T
in the depiction of lesions created in pig cartilage. The
studies by Recht et al [5], Tervonen et al [6], and Van
der Linden [10] were all performed after the intraarticu-
lar injection of saline. Hence, the consensus is that dark
fluid sequences are best for 3D saline MR arthrography
of hyaline cartilage.

Because a gadolinium chelate injectant shortens T1,
and previous studies indicate an advantage of spoiled
(T1-weighted) over steady-state (T2*weighted) GRE
techniques for MR arthrography [6], we chose the same
T1-weighted, fat-saturated SPGR sequence for both sa-
line and gadolinium-enhanced 3D MR arthrography.
One published clinical series used a T2*weighted se-
quence for 3D gadolinium-enhanced MR arthrography
without establishing its superiority over other 3D se-
quences [11]. Our unpublished experience suggests
that spoiled, T1-weighted, gradient-recalled 3D se-
quences are superior to steady-state, T2*-weighted gra-
dient-recalled sequences in this application.

The 3D image acquisition potentially offers higher
signal-to-noise ratios and thinner image sections than
2D image acquisition and is likely more sensitive for
small cartilage lesions [1, 5]. The 3D image acquisition,
however, is currently limited to GRE sequences. GRE
images offer good signal-to-noise ratios but may have
poorer contrast than SE or fast SE techniques. One
study [6] showed that GRE and conventional SE images

SALINE- VERSUS GADOLINIUM-ENHANCED MR ARTHROGRAPHY

do not depict lesion size or contour as accurately as fast
SE images. Given the sensitivity of 2D saline MR ar-
thrography in our study, further improvements in saline
MR arthrography may be anticipated with the advent of
3D fast SE sequences.

Our study addresses only the efficacy of MR arthrog-
raphy for detecting lesions in hyaline cartilage. MR ar-
thrography is often performed to evaluate capsuloliga-
mentous and periarticular structures such as Bankart
lesions of the shoulder, labral tears in the hip, and re-
current tears in the menisci of the knee after partial me-
niscectomy or meniscal repair. Additional studies are
required to address the added value of gadolinium-en-
hanced arthrography and the optimal pulse sequences
for these other indications.
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