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Diffusion into Human Intervertebral Disks Studied with MR and
Gadoteridol

Gur Akansel, Victor M. Haughton, R. Anne Papke, and Steve Censky

PURPOSE: To determine the feasibility of measuring diffusion into human intervertebral disks by
means of MR imaging with an intravenous nonionic gadolinium complex (gadoteridol).METHODS:
In 18 patients undergoing lumbar spine MR imaging, signal intensity was measured in the inter-
vertebral disks after a dose of 0.1 mmol/kg and after a supplemental dose of 0.2 mmol/kg.
RESULTS: Signal intensity in the intervertebral disks increased with both gadoteridol doses. A
greater increase was consistently achieved with the 0.3 mmol/kg (total) dose than with the 0.1
mmol/kg dose. The increase was greater near the endplates than in the midportion of the disk.
CONCLUSION: Diffusion into human intervertebral disks can be detected with MR imaging after
intravenous administration of gadoteridol. MR imaging with a paramagnetic contrast medium can
be used to study diffusion into disk cartilage in vivo and noninvasively.

Index terms: Magnetic resonance, contrast enhancement; Spine, intervertebral disks; Spine, mag-
netic resonance
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Although the normal human intervertebral
disk does not enhance with intravenous gado-
linium complexes (1), magnetic resonance
(MR) imaging studies with paramagnetic con-
trast media in experimental animals have
shown gradually increasing signal intensity in
disk cartilage due to the diffusion of contrast
medium from the adjacent vertebra into the disk
(2–4). In some conditions (eg, the pediatric in-
tervertebral disk), sufficient diffusion takes
place that enhancement can be detected by
visual inspection (5). Since metabolites reach
the disk cartilage by diffusion, MR imaging with
gadolinium complexes may be a noninvasive
way to study their diffusion into the disk. Study-
ing diffusion may help us to measure the pro-
cess by which oxygen (6), glucose (7), and
other solutes (8–12) are transported to the disk
and to understand the pathogenesis of disk de-
generation. In this study, we measured the sig-
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nal intensity of normal intervertebral disks in a
group of patients receiving a nonionic contrast
medium in conventional doses. Our purpose
was to determine the feasibility of measuring
diffusion into healthy human intervertebral
disks with conventional doses of an intrave-
nously administered nonionic gadolinium-con-
taining chelate (gadoteridol).

Materials and Methods
Between March 1994 and September 1995, 10 men

and five women (23 to 68 years old; mean, 36 years) had
lumbar spine MR imaging with gadoteridol (ProHance,
Bracco Diagnostics, Inc; Princeton, NJ). All patients were
being treated for continuing back pain after lumbar lami-
nectomy for lumbar disk disease, and were examined by
MR imaging as part of a phase IV Food and Drug Admin-
istration study to compare enhancement with 0.1
mmol/kg versus 0.3 mmol/kg intravenous gadoteridol.
Each patient was imaged in a 0.5-T MR scanner before
administration of contrast medium, after 0.1 mmol/kg in-
travenous gadoteridol, and after an additional 0.2
mmol/kg intravenous gadoteridol. Mean time from the 0.1
mmol/kg dose to the first sagittal image was 9.7 minutes
and mean time from the injection of the additional 0.2
mmol/kg dose to the second sagittal image with contrast
material was 5 minutes. Average time between the injec-
tions was 15 minutes. The sagittal images of the lumbo-
sacral spine were acquired with the following parameters:
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600/20/2 (repetition time/echo time/excitations), acqui-
sition matrix of 512 3 256, section thickness of 5 mm,
intersection spacing of 0.5 mm, and field of view of 28
mm. In two patients, parameters of 450/20/2 were substi-
tuted for 600/20/2. Transmit and receive factors were not
adjusted between scans.

On midline sagittal images, the signal intensities of
disks were measured at both superior and inferior end-
plates and in the middle zone of the normal intervertebral
disks. The measurement was repeated for each disk on the
images obtained after doses of 0.1 and 0.3 mmol/kg in-
travenous gadoteridol. Only disks with normal height and
signal intensity by inspection on both T1- and T2-weighted
fast spin-echo images, and with no evidence of bulging,
herniation, or annular tear, were used in the tabulation.
Contrast enhancement was calculated as the change in
signal intensity from baseline divided by baseline signal
intensity. Average enhancement after doses of 0.1 and 0.3
mmol/kg gadoteridol were compared and differences
tested with a one-tailed t test, assuming unequal vari-
ances.

Results

Eighteen disks in 15 patients met the criteria
of normalcy. Contrast enhancement was not
detected by visual inspection with either dose of
gadoteridol in any of the disks. The increase
over baseline after a 0.1 mmol/kg dose of ga-
doteridol was 0.19 6 0.31 at the endplates, and
0.01 6 0.10 for the mid zones. After the 0.2
mmol/kg supplement dose, the average in-
crease over baseline was 0.37 6 0.48 at the
endplates and 0.03 6 0.14 centrally (Fig 1).
The differences in signal intensity between the
baseline and the first scan at the endplates, and
between the first and second scans were signif-

Fig 1. Contrast enhancement in normal human intervertebral
disks as a function of time and dose of contrast material. The
10-minute measurement was obtained after a dose of 0.1 mmol/
kg: the 20-minute measurement after a supplementary dose of
0.2 mmol/kg.
icant at P , .02. The differences in signal in-
tensity in the center of the disk between base-
line and the second scan were not significant
(P 5 .3).

Discussion

This study demonstrates that changes in sig-
nal intensity in the human intervertebral disks
are detectable by measurement obtained after
intravenous administration of gadoteridol, a
nonionic gadolinium-containing chelate. A con-
sistently greater increase in signal intensity is
achieved with a 0.3 mmol/kg total dose at the
endplates than with 0.1 mmol/kg. With both
doses, the disk near the endplates shows
greater change than do the midzone areas. Al-
though increases in signal intensity were ob-
served in the midzones from baseline to 0.1
mg/kg and from 0.1 to 0.3 mmol/kg doses,
these changes did not reach statistical signifi-
cance. Owing to the study design, enhancement
data were available from only one time point for
either gadoteridol dose. We could not determine
how much of the increased signal intensity after
the additional 0.2 mmol/kg dose of gadoteridol
was due to time elapsed after the 0.1 mmol/kg
dose alone and how much to the larger total
dose. Surface coil inaccuracies and other non-
linearities may have affected the measure-
ments. Only patients who had had back surgery
were included in this study. In such a popula-
tion, altered perfusion of spinal tissues or accel-
erated cartilage degeneration may be present.
In rabbit intervertebral disks, signal intensity

increases progressively after intravenous injec-
tion of gadoteridol (3). When the signal intensity
increases 25% above baseline, enhancement is
detected by visual inspection. In our study, en-
hancement values remained below the 25%
level in most patients, so contrast enhancement
was not detected visually. Greater signal inten-
sity changes would be detected if the postinjec-
tion images were acquired after greater delay. In
the experimental animals, signal intensity in-
creased for 2 hours after injection (3). Nonionic
gadolinium complexes enter the disk cartilage
at a faster rate than do ionic media, owing to
more rapid diffusion (3). Therefore, greater
changes in signal intensity are detected after
injection of nonionic than ionic media. The
changes in signal intensity in rabbit disks are
dose related (4). MR imaging can be effective
for studying diffusion into human intervertebral
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disks, especially if images are obtained at reg-
ular intervals, for up to 2 hours after injection of
a contrast medium, which is optimally nonionic,
in a dose of 0.3 mmol/kg. Measurement of sig-
nal intensity change can be facilitated by use of
higher field strengths, which are more sensitive
to the effect of gadolinium complexes on T1
relaxation (13).
This study supports the hypothesis that gad-

olinium complexes reach the intervertebral disk
cartilage by diffusion from endplates. With MR
imaging, the effect of degenerative changes,
spinal fusion, or trauma on diffusion can be
studied. In particular, the hypothesis that dimin-
ished diffusion is a marker of early disk degen-
eration (14, 15) can be studied. In animals,
iatrogenically produced disk degeneration is as-
sociated with diminished diffusion (15). Possi-
bly, diffusion studies will help distinguish early
degenerative changes from later invasion of the
disk with granulation tissue, determine the ef-
fect of nicotine or other drugs on disk metabo-
lism (16), and identify abnormal cartilage mat-
uration (chondrodystrophy) that predisposes to
disk degeneration (17).
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