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Correlation of Diffusion in
Lumbar Intervertebral Disks
with Occlusion of Lumbar
Arteries: A Study in Adult
Volunteers’

PURPOSE: To evaluate the correlation of the diffusion values in lumbar interverte-
bral disks with lumbar artery status and the degree of disk degeneration.

MATERIALS AND METHODS: Sagittal T2-weighted images of the lumbar spine
were obtained in 37 asymptomatic volunteers aged 22-68 years. The apparent
diffusion coefficient (ADC) of 98 lumbar intervertebral disks was determined, and
two-dimensional time-of-flight magnetic resonance angiography was performed on
the corresponding 98 lumbar artery pairs (total arteries = 196). The degree of disk
degeneration and the status of lumbar arteries were evaluated independently by
two radiologists. ADC calculations were performed on the basis of the average signal
intensities of the selected region of interest in lumbar disks. The association between
ADC values of disks, the disk degeneration, and the status of lumbar arteries of the
same level were analyzed with analysis of covariance, and pairwise analysis between
groups (Scheffé post hoc multiple comparison) was performed with statistical
software. P values less than .01 were considered significant.

RESULTS: The lumbar arterial status correlated strongly with the diffusion values of
intervertebral disks, and the ADC values decreased with higher degrees of arterial
narrowing. The correlation between disk degeneration and diffusion was not sig-
nificant. Eight severely degenerated disks with normal lumbar artery status and
diffusion values were found.

CONCLUSION: Impaired flow in lumbar arteries is significantly associated with
decreased diffusion in lumbar disks and may play an important role in disk degen-
eration.

The lumbar intervertebral disk is the largest avascular tissue in the adult human body.
Thus, its nutrition occurs by means of diffusion from blood vessels in the surrounding
structures (1,2). The upper three segments in the lumbar spine are supplied by the four
pairs of lumbar arteries. The fourth segment is partly supplied by the fourth lumbar artery
pairs and partly by branches from the middle sacral artery, which originates just above the
bifurcation of the aorta. The fifth lumbar segment receives its blood supply through the
middle sacral artery and through the branches of iliolumbar arteries. There is anatomical
variation in the blood supply of the lower part of the lumbar spine (3-5). Diffusion occurs
mainly through the vertebral end plates and partly from the vessels surrounding the
periphery of the annulus. Insufficient nutrition has been suggested to be the primary cause
for the degenerative process of a disk (6-8). The abdominal aorta, and particularly the
aortoiliac junction, has been shown to be one of the most common sites of arteriosclerosis
(9), and atherosclerotic changes in the lumbar area are associated with disk degeneration
(10) and low-back pain (11,12).

Magnetic resonance (MR) imaging is the most sensitive method to depict intervertebral
disk degeneration (13-15). Degeneration of the disk is detected as a decreased signal
intensity of the nucleus pulposus on T2-weighted images (13,16). Quantitative MR imag-
ing studies of lumbar intervertebral disks have been established as a noninvasive method
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to detect alterations in water and bio-
chemical composition by using measure-
ment of T1 and T2 (17-21) and also by
using magnetization transter MR imag-
ing (22). At first, quantitative MR imag-
ing was not generally suggested as a reli-
able or feasible method for in vivo studies
(23). However, in a recent study, Anto-
niou et al (24) detected that quantitative
MR analysis reflects not only the disk ma-
trix composition but also its structural
integrity. So far, in clinical practice, dif-
fusion-weighted MR imaging has been
mostly used for the evaluation of acute
cerebral infarcts and diseases affecting
white matter (25,26). Researchers have
reported the use of diffusion studies of
the spine for evaluation of vertebral bone
marrow (27), of the spinal cord (28), and,
recently, of intervertebral disks (29).

Angiography has been the reference
standard in the evaluation of the aorta
and its branches. With technical advances,
MR angiographic methods have consider-
ably improved. In some indications, MR
angiography is already a useful alterna-
tive to conventional angiography (30).

The purpose of our study was to eval-
uate the correlation of the diffusion val-
ues in lumbar intervertebral disks with
lumbar artery status and the degree of
disk degeneration.

MATERIALS AND METHODS
Subjects

Thirty-seven asymptomatic volunteers
(15 men, 22 women; mean age, 38 years;
age range, 2268 years) were recruited for
MR examination. None of the subjects
had low-back pain at the time of the
study, nor had they any relevant history
of back pain. All components of the
study were approved by the local ethics
committee, and informed consent was
provided by the volunteers and nine pa-
tients (five men, four women; mean age,
58 years; age range, 50-68 years) who
were diagnosed with arterial disease.

MR Imaging

The volunteers underwent imaging
during the afternoon hours (1-3 rm). Im-
aging was performed with a 1.5-T MR
unit (Signa Echospeed; GE Medical Sys-
tems, Milwaukee, Wis). A phased-array
spine coil (CTL; GE Medical Systems) was
applied for both anatomic imaging of the
lumbar spine and MR angiography of
lumbar arteries. Sagittal T2-weighted fast
spin-echo MR (repetition time msec/echo
time msec, 6,000/105) images of the lum-
bar spine were obtained for anatomic im-
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aging. The diffusion measurements were
carried out by using a non-phased-array
general-purpose receive-only flexible coil
(GPFLEX; GE Medical Systems) with two
electronically summed surface coils. The
coil was wrapped around the lumbar area
of the subject, to generate a relatively
uniform signal throughout the region of
interest (ROI). The imaging area with suf-
ficient signal covered by the coil was
about 20 cm in the section-select direc-
tion. Only one to four disks could be
studied successfully at a time (Fig 1). The
diffusion imaging was performed after
the anatomic imaging and MR angiogra-
phy, about 20 minutes after the begin-
ning of the MR imaging study.

The diffusion-weighted images were ob-
tained by using a spin- echo single-shot
echo-planar imaging sequence (5,000/73
[effective]; 5-mm section thickness, 10-mm
section gap, 40 X 20-cm field of view
(FOV), 128 X 128 matrix, one signal ac-
quired). This yielded spatial resolutions
of about 3.1 and 1.6 mm in the readout
and phase-encode directions, respectively.
The imaging plane chosen in this series
was transverse. Diffusion weighting was
obtained by adding two diffusion-sensitiz-
ing gradients in both sides of the 180° re-
focusing pulse. The pulse duration was 8 =
32 msec, the pulse interval was A = 38.1
msec, and the maximum gradient strength
was G, = 22 mT/m. The gradient ramp
time was 184 psec.

The time required to perform a diffu-
sion study was about 10 minutes. The
readout was in the vertical direction and
the phase-encode in the horizontal direc-
tion. The effective echo time varied slightly
from 70 to 75 msec and was set to the
minimum allowable value. The diffusion-
sensitizing gradients were applied sequen-
tially in the x, y, and z directions (z was in
the direction of the main magnetic field,
x was in the horizontal direction, and y
was in the vertical direction) by using
diffusion-weighting factors (b values) of
250 and 500 mm?/sec. The b scale was
also checked by using the apparent diffu-
sion coefficient (ADC) value of 2.0 X
1073 mm?/sec of water at a temperature
of 23°C. Susceptibility artifacts were not
detected on the images.

The L5-S1 disk was excluded from eval-
uations because the fifth lumbar segment
receives blood supply through the mid-
dle sacral artery and through the branches
of iliolumbar arteries, and the direction of
these arteries could not be imaged in the
two-dimensional (2D) time-of-flight (TOF)
study at the same time with lumbar ar-
teries. Also, the orientation of the presa-
cral disk was markedly different from the

Figure 1.

MR scout image (8.7/1.9; FOV, 36 X
36; section thickness, 3 mm; matrix, 256 X
128) shows diffusion weighting. Only L2-3 and
L3-4 disks were parallel to the imaging plane
and were acceptable.

orientation of the upper lumbar disks. Ad-
ditionally, the measurements of ADC val-
ues were considered unreliable because of
the orientation of the presacral disk.

Two-dimensional TOF MR angiogra-
phy was used in the evaluation of the
patency of lumbar arteries. MR images
were obtained in the coronal direction to
cover the area of the lumbar spine by
using 29/5.1, flip angle of 60°, 256 X 512
matrix, a 30-cm FOV, and section thick-
ness of 1.5 mm. A spatial presaturation
pulse was placed posterior to the imaging
sections to suppress the signal from the
lumbar veins.

To test the validity of MR angiography
(2D TOF) in evaluating the status of lum-
bar arteries, 72 lumbar arteries were eval-
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Figure 2. MR angiograms (2D TOF; 29/5; FOV, 24 X 18; section thickness, 1.5 mm; matrix, 256 X 512) and DSA image in 48-year-old

volunteer. (4) Right and (B) left side maximum intensity projection MR angiograms. (C) Coronal MR angiogram. (D) DSA image. A-D show
stenosis (narrowed lumbar arteries) in right L2 (open arrow in A, C, and D), right L4 (thick arrow in A, C, and D), and left L3 (thin arrow in

B, C, and D) lumbar arteries.

uated separately with digital subtraction
angiographic (DSA) aortography and MR
angiography (2D TOF) in nine patients
referred for angiography. The k value be-
tween DSA and MR angiography in eval-
uating the status of lumbar arteries was
0.77. This indicates good agreement be-
tween MR angiography and DSA for the
MR angiographic evaluation of the status
of the lumbar arteries (Figs 2, 3). The
disagreement between results of the two
methods in analyzing lumbar arteries
was found in only classes 0 and 1. In four
cases, MR angiography showed slight ste-
nosis (grade 1), while DSA showed nor-
mal findings (grade 0). In one case, the
MR angiogram was graded normal (grade
0) when the DSA image showed grade 1
stenosis. These results indicate that MR
angiographic findings may overestimate
the DSA findings.

Image Analysis

The MR imaging findings in 98 inter-
vertebral disks (L1-2 to L4-5) and the 2D

-
~
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TOF MR angiographic findings in the cor-
responding 98 lumbar artery pairs (total
of 196 arteries) were analyzed indepen-
dently by two radiologists (M.K., L.K.) by
using a workstation (Advantage Win-
dows; GE Medical Systems). In the case of
disagreement, a consensus was reached.

The intervertebral disks were classified
according to three grades: grade 0, disks
with high signal intensity or only slightly
blurred intranuclear cleft, which repre-
sented normal disks; grade 1, disks with
decreased signal intensity but normal
height, which represented mild degener-
ation; and grade 2, disks with markedly
decreased signal intensity and height
loss, which represented severe degenera-
tion. The signal intensities of interverte-
bral disks were compared with those of
cerebrospinal fluid (Fig 4).

The lumbar arteries were evaluated as
segmental pairs, which were classified ac-
cording to the following grades: grade O,
normal vessels on both sides; grade 1,
one segmental artery was narrowed; or

Lumbar Intervertebral Disk Diffusion and Occlusion of Lumbar Arteries -

grade 2, both segmental arteries were nar-
rowed or one or both arteries were oc-
cluded. The diameters of lumbar arteries
were analyzed visually. The narrowing of
the diameter of the vessels by 33% or
more was recorded, and the contralateral
vessel, if normal, or the next artery above
was used as a reference standard. Both
maximum intensity projection images (an-
teroposterior, oblique, and lateral views)
and coronal source images were used to
determine the stenosis of lumbar arteries
(Figs 2, 3).

ADC values were determined by first
calculating the average signal intensities
from the selected ROIs; this was per-
formed separately for image sets obtained
with the b values 0, 250, and 500 mm?/
sec. A least squares fit was then applied to
the resulting three-point attenuation curve.
The ADC values, obtained from the slope of
the fitted line, were determined in the
three orthogonal directions.

The ROI was positioned by one author
(M.K.) in areas of the disk where signal
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Figure 3.
(A) Anteroposterior, (B) right oblique, and (C) right and (D) left side maximum intensity projection images show stenosis in left L4 lumbar artery.
(E) Coronal MR angiogram and (F) DSA image show both L4 arteries are normal. A-F show stenosis (absent lumbar arteries) in both L3 arteries
(arrows).

intensity was detected visually (Fig 5);
the size of the ROI varied from 15 to 22
pixels, so the size of each ROI was ap-
proximately 1.50 cm?. These areas of the
disk mainly represented signal intensity
of the nucleus. The signal intensity was
highest on the images with no diffusion
weighting; therefore, the ROI was placed
on these images. These images were es-
sentially ordinary T2-weighted images.
The same pixels were then sampled on
the diffusion-weighted images to calcu-
late the ADC values. The ADC values
were determined in the three orthogonal
directions (ADC,, ADC,, and ADC,).

Statistical Analysis

The association between ADC values of
disks, the disk degeneration, and the sta-
tus of lumbar arteries at the same level
was analyzed by means of analysis of co-
variance, with age as covariate, and by us-
ing pairwise analysis (Scheffé post hoc
multiple comparison test) between groups
with statistical software (SPSS, version
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1AL

MR angiograms (2D TOF; 29/5; FOV, 24 X 18; section thickness, 1.5 mm; matrix, 256 X 512) and DSA image in 60-year-old volun

9.0; SPSS, Chicago, Ill). P values less than
.01 were considered significant.

RESULTS

Of the disks examined in this study, 59
were normal and 39 were degenerated.
Twenty-five of the degenerated disks
were graded as mildly degenerated (grade
1) and 14 were graded as severely degen-
erated (grade 2). The mean ADC values
(X 10~* mm?/sec) in normal disks in x, y,
and z directions were 1.38, 1.52, 1.56;
those in mildly degenerated disks were
1.05, 1.12, 1.21; and those in severely
degenerated disks were 1.06, 1.10, 1.16,
respectively. Forty-two lumbar artery
pairs were classified as grade O (normal),
35 as grade 1, and 21 as grade 2. The
mean ADC values in x, y, and z directions
in disks with normal lumbar artery pairs
were 1.49, 1.60, and 1.64; those in disks
with grade 1 lumbar artery pairs were
1.35, 1.52, 1.57; and those in disks with

teer.

grade 2 lumbar artery pairs were 0.63,
0.66, 0.70, respectively.

There was a significant correlation be-
tween the status of lumbar arteries and
the ADC values of the lumbar disks. The
differences between ADC values of lum-
bar arteries were statistically significant
in all orthogonal directions (X, y, and z)
at levels L1-2, L.2-3, L3-4; for ADC in the
x direction at L4-5 (P < .001); and for
ADC in the y and z directions at the L4-5
level (P < .01). The results are presented
in Table 1. When age was controlled for
the association between ADC and lumbar
arteries, the differences between the ADC
values of lumbar arteries remained signif-
icant.

Although the ADC values for all or-
thogonal directions decreased with in-
creasing degree of disk degeneration,
there was no statistically significant dif-
ference between the ADC values of differ-
ent degrees of disk degeneration (Table
2). The number of severely degenerated
disks was small at L1-2 (n = 2) and L3-4

Kurunlahti et al



Figure 4. Grading of different levels of disk
degeneration on T2-weighted MR image
(6,000/105; FOV, 30 X 30; section thickness, 4
mm; matrix, 512 X 224). L1-2, L2-3, and L3-4
disks were graded 0; L3-4 disk with slightly
blurred intranuclear cleft (thin arrow); L4-5
disk with decreased signal intensity was graded
1 (curved arrow); and L5-S1 disk with de-
creased signal intensity and height loss was
graded 2 (thick arrow).

s

(n = 2), and, therefore, statistical signifi-
cance could be reliably assessed at only
L2-3 and L4-5 levels.

Even though there was no correlation
between disk degeneration and diffusion
values, there was a trend with eight out-
liers: These eight severely degenerated
disks had almost normal diffusion values
for all directions (ADC,, 1.36; ADC;,
1.45; ADC,, 1.54) and normal or grade 1
lumbar artery status (1.06, 1.10, 1.16, re-
spectively) compared with all severely de-
generated disks.

DISCUSSION

The results of this study showed that there
was a strong correlation between dimin-
ished flow in lumbar arteries detected at

-
~
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Figure 5.
with high signal intensity on T2-weighted MR image (5,000/72.6;
FOV, 40 X 20; section thickness, 5 mm; matrix, 128 X 128).

MR angiography and ADCs of lumbar in-
tervertebral disks. Atherosclerotic changes
in lumbar arteries have been shown to be
associated with lumbar disk degeneration
(10). Also, ADC values of intervertebral
disks have been recently presented (29),
but to our knowledge, our study is the
first to show the clinical relevance of
changes in ADC values. The strong corre-
lation between lumbar artery occlusion
and decrease in the ADC values may be
due to diminished intradiskal osmotic
pressure. However, the ADC values ob-
tained with MR imaging may differ from
the nutritional diffusion through the end
plates. ADC values may also indicate the
degradation and disintegration of the nu-
cleus pulposus better and/or at an earlier
time point than observational assessment
of disk degeneration. Further studies are
needed to better understand the molecu-
lar nature of these findings.

The diminished flow through stenosed
or occluded lumbar arteries may create
collateral vessels, which may also supply
nutrients to the intervertebral disks (10).
The image resolution of the 2D TOF MR
angiographic method does not allow the
detection of these possible collateral ves-
sels. The role of collateral vessels in the
intradiskal nutrition is, however, obscure
(10). The ostia of the lumbar arteries were
not well visualized in our TOF MR angio-
graphic study, but any significant ostium
stenosis can be detected as diminished
flow on 2D TOF images. DSA has been
the standard in the evaluation of blood
vessels. Nevertheless, DSA is an invasive
clinical test, and less invasive methods
have replaced it in some indications. In
our study, the correlation with normal
DSA was good. There was moderate vari-
ation in findings in lumbar artery status
between the disk levels. It was demon-

Lumbar Intervertebral Disk Diffusion and Occlusion of Lumbar Arteries -

ROI measurements of ADC. The ROI is measured in a disk

strated earlier that the correlation of ath-
erosclerotic changes to disk degeneration
was stronger in the upper levels of the
lumbar spine than in the lower ones (10).

Surprisingly, eight intervertebral disks
were severely degenerated, but the corre-
sponding lumbar artery pairs and diffu-
sion values were normal. This finding sup-
ports the previous understanding that
pathogenesis of disk degeneration is mul-
tifactorial. In addition to nutritional de-
terminants, environmental and genetic
factors also have a major role in the ini-
tiation of disk degeneration (31,32).

The hydration of the nucleus pulposus
is important in determining its mechan-
ical response, its nutritional transport,
and its biologic properties (33). However,
hydration is a dynamic variable and not a
stable property of tissue. A normal diur-
nal variation occurs in intradiskal water
content, with influx of water overnight
and gradual reduction during the day. This
produces a measurable change in hydra-
tion, height, and volume of the disk
(34,35). Change can also be measured in
signal intensity, although it is not visible
at MR imaging (35,36) or quantitative
MR imaging (37). With physical loads,
the water content diminishes up to 5%-
20% in the nucleus pulposus and inner
annulus (33,34). However, the diurnal
variation is significantly less pronounced
in degenerative than in healthy disks
(37). Some researchers suggest that diur-
nal variation has a clinical importance in
spinal mechanics (38). The relationship
between change in water content and
swelling pressure depends on the compo-
sition of the disk rather than on age or
degree of degeneration (33). Our volun-
teers underwent imaging during the af-
ternoon, so the conditions were similar
in this respect for all measurements.
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TABLE 1

Association between ADC Values and Status of Lumbar Arteries in L1-2 to L4-5

Lumbar Artery Grade
at 2D TOF MR Imaging*

L1-2 (n = 19)

12-3 (n = 28)

13-4 (n = 27)

L4-5 (n = 24)

1.51 (0.11/0.03)
1.27 (0.05/0.02)
0.44 (0.21/0.15)

1.64 (0.26/0.09)
1.54 (0.28/0.10)
0.16 (0.06/0.04)

1.64 (0.28/0.09)
1.54 (0.18/0.06)
0.16 (0.03/0.02)

1.50 (0.11/0.03)
1.29 (0.04/0.01)
0.55 (0.32/0.13)

1.55 (0.09/0.02)
1.45 (0.18/0.05)
0.54 (0.29/0.12)

1.61 (0.14/0.04)
1.51 (0.29/0.09)
0.49 (0.19/0.08)

1.54 (0.10/0.02)
1.39 (0.10/0.03)
0.63 (0.39/0.15)

1.67 (0.15/0.04)
1.49 (0.16/0.05)
0.55 (0.25/0.10)

1.77 (0.19/0.05)
1.68 (0.23/0.08)
0.71 (0.40/0.16)

1.49 (0.08/0.03)
1.44 (0.12/0.04)
0.69 (0.46/0.16)

1.66 (0.10/0.03)"
1.59 (0.18/0.06)"
0.90 (0.59/0.21)t

1.80 (0.08/0.03)"
1.65 (0.29/0.09)
0.92 (0.52/0.18)"

.001).

or both arteries were occluded.
tpP<.01.

Note.—Values in parentheses are the SD/standard error. For all values except where otherwise indicated, the correlation between mean ADC values
(X102 mm?/sec) of the disks and the status of lumbar arteries (at 2D TOF MR imaging) was statistically significant (one-way analysis of covariance, P <

* Grade 0 = normal vessels on both sides, grade 1 = one segmental artery was narrowed, grade 2 = both segmental arteries were narrowed or one

TABLE 2

Association between ADC Values and Disk Degeneration in L1-2 to L4-5

Disc Degeneration Grade*

L1-2 (n = 19)

L2-3 (n = 28)

L3-4 (n = 27)

L4-5 (n = 24)

ADC,
0
1

1.35 (0.25/0.06)
0.93 (0.90/0.60)
1.30 (0.07/0.05)

1.53 (0.47/0.12)
0.81 (0.86/0.81)
1.40 (0.30/0.21)

1.36 (0.40/0.10)
1.02 (1.18/0.83)
1.57 (0.24/0.17)

1.35(0.31/0.07)"
1.02 (0.60/0.27)"
0.98 (0.36/0.16)"

1.45 (0.32/0.07)8
1.20 (0.47/0.21)8
0.87 (0.55/0.24)8

1.49 (0.38/0.09)*
1.19 (0.56/0.25)*
0.92 (0.61/0.27)*

1.41 (0.35/0.09)
1.22 (0.40/0.12)
0.63 (0.73/0.52)

1.53 (0.37/0.09)|
1.21 (0.51/0.16)|
1.01 (0.93/0.66)|
1.70 (0.46/0.11)

1.31 (0.41/0.13)
1.07 (0.90/0.64)

1.45 (0.13/0.04)*
0.90 (0.56/0.19)*
1.14 (0.52/0.23)*

(0.16/0.04)

1.63
1.15(0.67/0.24)
1.23

(0.50/0.23)

5(0.19/0.05)*

1.7
1.13 (0.64/0.22)**
1.2

7 (0.46/0.21)**

by a P value of .085.

P =.028.
§p = .024.
Ip=.072.
#P = .051.
**p=.016.

Note.—Values in parentheses are the SD/standard error.

* Grade 0 = disks with high signal intensity or only slightly blurred intranuclear cleft, which represented normal disks; grade 1 = disks with decreased
signal intensity but normal height, which represented mild degeneration; grade 2 = disks with markedly decreased signal intensity and height loss,
which represented severe degeneration.

 The correlation between mean ADC values (X102 mm?/sec) of the disks and disk degeneration (one-way analysis of covariance) was demonstrated

The well-being of a disk depends on its
cells (7). The cell density in the disk is
controlled by nutritional factors (39).
During the degenerative process, consid-
erable alterations occur in the structure
and biochemistry of the intervertebral
disk. The effect of altered hydration on
solute transport is complex (7), because a
decrease in hydration means a lower ADC
value, but, on the other hand, the height
of the disk has decreased. Thus, the dis-
tances through which metabolites have
to move is shorter (7). This may explain
our findings that the ADC values were
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not linearly decreased during the degen-
eration process. Findings suggest that de-
creased water content as such is not likely
to markedly affect the balance between
cellular requirements and metabolite trans-
port, although the effect on the mechanical
properties of the disk is obvious (7).
Technical advancements have been
considerable in both diffusion-weighted
MR imaging and MR angiography. In dif-
fusion-weighted imaging, very fast acqui-
sition methods are used. As a fast imaging
technique, the echo-planar MR imaging se-
quence, while minimizing motion arti-

facts, is disposed to susceptibility arti-
facts. However, susceptibility artifacts are
almost the same in cortical bone, water,
and soft tissues (40,41). Thus, although
various tissue-bone interfaces are located
close to the intervertebral disks, we do
not suspect that they affect the ADC val-
ues; susceptibility artifacts were not de-
tected on the images. Cerebrospinal fluid
flow does not cause artifacts in the lum-
bar spine.

We measured ADC values in the trans-
verse plane. We are aware that with sag-
ittal imaging the possibility of a partial-

Kurunlahti et al



volume effect is smaller, but imaging in
sagittal sections limits the ROI size more
than transverse imaging does; therefore,
transverse imaging planes were chosen
for this study. To accurately quantify dif-
fusion anisotropy, diffusion-tensor imag-
ing, which would allow calculation of the
diffusion ellipsoid, should be carried out.
However, diffusion-tensor imaging was
previously observed to be unreliable be-
cause of noise, motion, and magnetic field
inhomogeneities (29). In our study, only
the diffusion in three orthogonal direc-
tions was measured, with the z gradient
being the direction of both the magnetic
field and the vertical axis of the patient.
Perfusion contributes to the ADC values
(42—44), but this is expected to be negligi-
ble in disks because of their avascularity.

In previous diffusion imaging studies
in the spine, steady- state (27), spin-echo
(28), and echo-planar imaging sequences
(29) have been used. We admit that var-
ious technical problems are associated
with diffusion MR imaging of the spine,
but we consider that it is worthwhile to
study the future potential of this method;
more sensitive methods for detecting early
degenerative changes in intervertebral
disks are needed. Even with its present lim-
itations, diffusion MR imaging in the
spine may become feasible in the near
future when MR imagers with stronger
gradients become available. The ADC val-
ues of normal disks in this study were in
good agreement with the values pre-
sented in an earlier study of interverte-
bral disks (29).

In conclusion, findings in this study
indicate that impaired flow in lumbar ar-
teries is markedly associated with de-
creased diffusion in lumbar disks and
may play an important role as a promoter
of disk degeneration. Thus diffusion val-
ues may have a meaningful functional
basis. However, the initiation of the disk
degeneration process is not always re-
lated purely to the impairment of diffu-
sion.
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