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PURPOSE: To determine the dose of contrast medium and the imaging strategy sufficient to
detect diffusion of low-molecular-weight gadolinium-containing contrast media into normal inter-
vertebral disks. METHODS: In 11 rabbits, sequential MR images were obtained of the spine for
120 minutes after intravenous injection of gadopentetate dimeglumine in doses of 0.1 to 2.8
mmol/kg. Images were inspected for evidence of contrast enhancement. Signal intensity was
measured and plotted as a function of time and dose. RESULTS: Contrast enhancement was
detected by inspection of images and by measurement in animals receiving doses of 0.3 mmol/
kg and larger. CONCLUSIONS: Diffusion of gadolinium-containing chelates into the intervertebral
disk can be detected with clinically used doses of commercially available contrast medium.
Therefore, with MR and a gadolinium-containing contrast medium, diffusion into intervertebral

disks can be studied.
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The normal intervertebral disk, like cartilage in
other locations, has no vascularity. Nutrients such
as oxygen, nitrate, sulfate, and glucose diffuse
into the intervertebral disk through the vertebral
end plate and annulus fibrosus (1-8). Diffusion,
not perfusion, provides the nutrients necessary
to sustain the several thousand cells per cubic
millimeter that are located in the disk. Hypothet-
ically, diminished diffusion as a result of changes
in the vertebral end plate precedes degenerative
changes in the disk. This hypothesis has been
difficult to test because a noninvasive method for
measuring diffusion in vivo in human interverte-
bral disks has not been reported (8). Diffusion of
low-molecular-weight paramagnetic contrast me-
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dia into the intervertebral disk is likely despite
the lack of enhancement of intervertebral disks
(9-14). The magnetic resonance (MR) techniques
used clinically are usually not optimized to detect
diffusion into the intervertebral disk. Therefore,
we studied the dose of contrast medium and the
imaging strategy sufficient to detect diffusion of
gadolinium-containing contrast medium into
intervertebral disks.

Methods

Seven adult New Zealand White rabbits (3.0 to 3.6 kg,
2 years old) underwent MR imaging with the administration
of gagopentetate dimeglumine. Before MR imaging the
rabbits were sedated with intramuscular Ketaset (30 to 35
mg/kg) and Rompun (6 mg/kg). A 25-gauge needle was
inserted into the posterior auricular vein and flushed with
heparin. The rabbit was placed in a single turn surface coil
of our own construction in a 1.5-T scanner.

Sagittal images were obtained with a spin-echo pulse
sequence modified to provide small fields of view. Imaging
parameters were: 500/25/1 (repetition time/echo time/
excitations); matrix, 256 X 256; field of view, 6 X 6 cm;
section thickness, 3.0 mm; and no phase wrap. Images
were obtained before and 2, 10, 20, 30, 45, 60, 90, and
120 minutes after gadopentetate dimeglumine (Magnevist,
Berlex Laboratories, Wayne, NJ) was injected in a dose of
0.1 to 2.8 mmol/kg through the 25-gauge needle. Signal
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Fig. 1. Sagittal MR image of a rabbit spine showing a cursor
placed on the intervertebral disk to measure contrast enhance-
ment.

intensities were measured in the lumbar intervertebral disk
that was located closest to the center of the surface coil’s
sensitive volume in each image with an elliptical cursor
area of 2.0 mm? and the region of interest program on the
system console (Fig 1). Contrast enhancement was calcu-
lated as the percent change in signal intensity from baseline
divided by the baseline signal intensity.

Four additional rabbits (3.0 to 3.5 kg) were studied with
the same technique. These rabbits received 0.1 or 0.3
mmol/kg of gadopentetate dimeglumine. A quadrature coil
was substituted for the solenoid coil. Average contrast
enhancement and standard deviations were calculated. The
Wilcoxan sign test was used to calculate significance.

Results

Satisfactory precontrast and postcontrast im-
ages of the intervertebral disk were obtained in
all rabbits. No complications of the anesthesia or
contrast media were noted.

Enhancement of the intervertebral disk was
observed in all experiments with doses of 0.3
mmol/kg or greater. Enhancement was seen near
the end plates at 10 minutes for the 0.3-mmol/
kg dose and at 2 minutes for the 0.6-mmol/kg
and larger doses (Figs 2 and 3). The central disk
area was noted to enhance at 60 to 120 minutes
for all doses greater than 0.3 mmol/kg (Figs 2
and 3). Contrast enhancement appeared more
intense in the central portion of the disk, which
is fibrocartilagenous, than in the peripheral por-
tion of the disk, which is predominantly collagen
(9). No enhancement of the disk was observed
for the 0.1-mmol/kg dose (Fig 4).
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Contrast enhancement measurements in the
intervertebral disk for the seven experiments in
the solenoid coil are plotted in Figure 5. Contrast
enhancement shows a progressive increase with
time for all doses except 0.1 mmol/kg. Less than
15% to 26% enhancement was noted for the 0.1-
mmol/kg doses. With the 0.3-mmol/kg dose,
46% enhancement was detected. The maximum
enhancement detected was 185% at 120 minutes
after the 2.8 mmol/kg dose. Enhancement of
25% or greater was always evident on inspection
of the images.

Average contrast enhancements for six rabbits
that received 0.1 or 0.3 mmol/kg are shown in
Table 1. Average contrast enhancement with 0.3
mmol/kg was 45% at 90 and 120 minutes and
with 0.1 mmol/kg was 20%. The differences after
30 minutes between the 0.1- and 0.3-mmol/kg
doses were significant at the 0.05-mmol/kg level.

TABLE 1: Average contrast enhancement (and SD) of intervertebral
disks after intravenous administration of contrast medium

Time After Dose (mmol/kg)
Injection of
Gadopentetate- 0.1 0.3
Dimeglumine (n= 4) (n = 2)
(min)
0 0 0
2 10 (7) 0
10 5(5) 15 (5)
20 15 (5) 25 (5)
30 17 (4) 25 (5)
45 13 (8) 35 (5)
60 15 (11) 35 (5)
90 20 (7) 45 (5)
120 20 (12) 45 (5)
Discussion

After the intravenous injection of gadopente-
tate dimeglumine, contrast enhancement was de-
tected in normal rabbit intervertebral disks. The
study shows that diffusion of gadolinium into
normal intervertebral disk tissue can be detected
by inspection of images or measurement of con-
trast enhancement. This result may seem to con-
flict with previous reports that the intervertebral
disk does not enhance (10-13). In most of the
previous studies, however, contrast enhancement
was not studied quantitatively, and smaller doses
of contrast medium and shorter intervals between
injection of contrast medium and imaging were
used. In our study, with the small doses of con-
trast medium and shorter intervals between im-
aging and contrast medium administration, no
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Fig. 2. T1-weighted MR images before
(A) and at 2 (B) and 60 (C) minutes after
intravenous administration of 0.6 mmol/kg
of gadopentetate dimeglumine. Note that at
2 minutes there is a narrow band of in-
creased signal intensity near the vertebral
end plates, and at 60 minutes the disk has
generally increased signal intensity.

Fig. 3. T1-weighted MR images before (A) and 10 (B), 30 (C), and 120 minutes (D) after intravenous administration of 2.8 mmol/
kg of gadopentetate dimeglumine. Note that at 10 minutes, signal intensity increased near the end plates and subsequently increased
diffusely in the disk.

enhancement of the intervertebral disks was ob-
served. With the conventional 0.1-mmol/kg dose
of gadopentetate dimeglumine at the times usu-
ally selected for imaging, less than 10% enhance-
ment is measured in rabbit intervertebral disks,
and 10% enhancement is not detected by inspec-
tion. The small amount of enhancement achieved
with the 0.1-mmol/kg dose probably explains
why it has not been described in humans. En-
hancement of cartilage in pediatric spines with
this dose has been reported (11).

Enhancement of the intervertebral disk is not
unique to rabbits; it has been observed in dogs
with doses of contrast medium similar to those
used in rabbits (Nguyen C and Haughton V, un-
published results). Rabbits and dogs have fibro-
cartilagenous intervertebral disks and porous os-
seous end plates similar to human intervertebral
disks (16-20). The study suggests that in hu-
mans, MR images obtained between 20 and 45
minutes after intravenous injection of a parameg-
netic contrast medium in a dose of 0.3 mmol/kg
may demonstrate enhancement in normal inter-

vertebral disks. Gadoteridol and gadodiamide
have been approved for clinical use in doses of
0.1 and 0.3 mmol/kg.

Conditions for these experiments were selected
to minimize the number of experimental animals
needed. Doses of contrast medium equal to and
higher than the conventional clinical doses were
used in our study to facilitate detection, compar-
ison, and measurement in the animals. The in-
accuracies in the measurement of contrast en-
hancement introduced by the inhomogeneous
sensitivity of a surface coil were minimized, be-
cause contrast enhancement was normalized to
preenhancement signal intensity. Maximal en-
hancement of the intervertebral disk may not
have been achieved in this study because the
experiments were terminated at 2 hours after
contrast injection. The animals and replications
were limited to a number sufficient to attain the
goals of this study: to estimate the dose and
imaging strategy necessary to detect contrast
enhancement in the normal disk.
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Fig. 4. T1-weighted MR images after intravenous injection of
0.1 mmol/kg of gadopentetate dimeglumine. A, Before injection;
B, 2 minutes after injection; and C, 60 minutes after injection. No
enhancement of the disk is noted.
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Fig. 5. Percentage of contrast enhancement versus time in
rabbit disks after intravenous injection of gadopentetate dimeglu-
mine in doses of 0.1 to 2.8 mmol/kg.

The significance of this study is that with MR
and an intravenous contrast agent, diffusion into
the normal intervertebral disk may be detected.
Diffusion into the disk has been demonstrated
previously by means of radioisotopes (1-8, 21).
Labeled sulfate, glucose, and nitrates diffuse into
the intervertebral disk within 1 hour after intra-
venous injection (6) and tend to accumulate near
the periphery of the disk as did gadopentetate
dimeglumine. The rate of diffusion for gadopen-
tetate dimeglumine is likely slower than for the
smaller solutes used in previous isotope studies
because diffusion is a function of molecular
weight and radius. Charge may also affect the
rate of diffusion.

Measurement of diffusion into the interverte-
bral disk has been proposed as a method of
detecting early disk degeneration. MR with intra-
venous paramagnetic contrast medium may pro-
vide a noninvasive tool to measure diffusion into
intervertebral disks clinically.
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