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Value of findings of diffusion-weighted magnetic resonance
imaging in patients with lumbar disc degeneration
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ABSTRACT
Objectives: To determine the value of diffusion-weight MRI findings in patients with lumbar disc
degeneration.
Methodology: Lumbar discs of 52 consecutive patients were imaged at 1.5 T MR including T2 and
diffusion weighted imaging. Apparent diffusion coefficient (ADC) values, T2 signal intensity and
height of the five lumbar intervertebral discs were measured and disc and endplate degenera-
tions were graded.
Results: The mean ADC was 0.90×10H3 mm2/s±0.27 (±S.D.) and the mean T2 was 93.98±32.32.
There was significant correlation between mean diffusion and the T2 signal intensity values of all
lumbar discs. The age of the cases was negatively correlated with the T2 signal intensities and
ADC values and positively correlated with the disc height of from L1-L2 to L5-S1. There was no
significant correlation between the disc height of from L1-L2 to L5-S1 and the measured ADC
values and the T2 signal intensities.
Conclusions: Evaluation of lumbar disc degeneration with diffusion weight MRI can be a useful
procedure in the clinical practice for patients with several lumbar symptoms. There is need for
the improvement of image quality of diffusion weighted MRI imaging for more precise diagnosis
of the lumbar diseases.
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INTRODUCTION

There is no consensus on what disc degeneration
actually is or how it should be distinguished from the
physiologic processes of growth, aging, healing, and
adaptive remodeling. The underlying cause of disc
degeneration is tissue weakening occurring prima-
rily from genetic inheritance, aging, nutritional com-
promise, and loading history. The precipitated cause
is structural disruption occurring from injury or fa-
tigue failure. The degenerative features are most likely
to influence patients’ prognosis and which are the
best targets for therapeutic interventions. The discs
are vulnerable to a greater or lesser extent, and the
vulnerability can only be gauged from the violence, or
otherwise, required to disrupt the disc and initiate
degeneration.1

Magnetic resonance imaging (MRI) is the most  im-
portant method to describe intervertebral disc  degen-
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eration. Degeneration of the disc is discerned as a
decreased signal intensity of the nucleus pulposus
on T2-weighted images.2,3 The degenerative disc dis-
ease is to some degree an age-related phenomenon.
Signal intensity changes in the bone marrow adja-
cent to the vertebral body had been  appeared to be a
part of this process.4,5

The intervertebral disc is an avascular structure
and, hence, its nutrition depended diffusion of nutri-
ents. Diffusion-weighted MRI is a noninvasive method
for the measurement of diffusion of water in the frame
of discs in vivo and, so it is suited for clinical exams
evaluating pathologic degenerations in water diffu-
sion related to disc disease.6

In the literature, there are a few studies conducted
regarding diffusion weighted MRI for the investiga-
tion of degenerative disc disease, although there are
many studies investigating the value of diffusion-
weighted MRI in patients with assessment of acute
stroke, characterizations of multiple sclerosis, tumors,
and abscesses of the brain. Various musculoskeletal
structures and pathologies have also been examined
with diffusion-weighted MRI in patients with muscle,
cartilage, soft-tissue pathologies, necrotic and viable
tumor tissue, knee joint effusions, and traumatic bone
marrow edema7, and the differentiation of acute be-
nign osteoporotic fractures from  malignant compres-
sion fractures.8

The aim of the present study was to determine the
value of diffusion-weight MRI findings in patients
with lumbar disc degeneration.

METHODOLOGY

Study population: Total 52 patients underwent
clinical MR imaging of the lumbar spine at MRI Unit
of Sivas Numune Hospital between January and
November 2009. An inclusion criterion for the       cur-
rent study was the presence of chronic low back pain
without a confirmed diagnosis. Exclusion criteria
were current infections of the vertebral column, preg-
nancy, metallic implants, claustrophobia, tumor, me-
tastases, and vertebral abnormality. The study was
approved by the Human Ethics Committee of Sivas
Province, and all participants gave written  informed
consent.
MRI evaluation: MRI was performed using a spine
array surface coil on a 1.5-T whole-body MR system
(Magnetom Symphony, Siemens, Erlangen, Germany).
A lumbar spine MRI examination was conducted with
a transmitted body coil. Examination included T2-
weighted fast spin-echo sagittal images with effective
echo time and repetition times (TE/TR) of 114/4030
ms. A field of view (FOV) of 300 mm, matrix of 320×192

matrix and 4.8 mm sections were used. Two averages
were acquired and the echo train length was 23. T2-
weighted images were used for visual grading of in-
tervertebral disc degeneration and for measuring the
signal intensity of the disc and its height.
ADW single-shot spin-echo echo-planar imaging  se-
quence (DW-EPI) of the lumbar spine was performed
with a body coil. A TE/TR of 103/4000 ms, FOV of
400x400 mm, matrix of 192x192, one acquisition and
scan time of 34 s were used for one mid-sagittal 4.8-
mm-thick section. Findings were recorded by disc seg-
ment (L1-L2, L2-L3, L3-L4, L4-L5, and L5-S1); and
endplates (Figure1 a-c).
Visual degeneration grading: Degeneration of
lumbar discs L1-L2, L2-L3, L3-L4, L4-L5 and L5-S1
was classified according to Pfirrmann’s9 grading sys-
tem. We classified as Grade III represents a combina-
tion of both normal and slightly degenerated discs,
Grade IV moderately degenerated discs and Grade V
severely degenerated discs.
Statistical analysis: ADC values, T2 signal intensi-
ties and height of the discs were analyzed with
Pearson correlation test. ADC values in different de-
generation grades were analyzed with ANOVA with
post hoc Tukey test. The SPSS 14.0 software package
(SPSS Inc., Chicago, IL, USA) was used for statistical
analyses. P < 0.05 was considered significant.

RESULTS

The study population consisted of 52 consecutive
patients (20 men; mean age, 35.7±10.6 years; age range,
19-55 years; 32 women mean age, 39.1±10.6 years; age
range, 20-64 years) evaluated for the etiology of
chronic lumbar pain.

The age and body mass index of women and men
were found similar (p>0.05). From L1-L2 to L5-S1, the
T2- and diffusion- weighted signal intensities of
women and men were comparable (p>0.05). At L1-
L2, L2-L3, and L3-L4, the disc height of men were
significantly higher than those of the women (p<0.05).
At L4-L5 and L5-S1, the disc height of women and
men were comparable (p>0.05).

The Pfirrmann’s degeneration grades 3, 4 and 5
shows statistically significant difference (Kruskal-
Wallis Test) in the T2 signal intensities and ADC val-
ues from L1-L2 to L5-S1. There was significant posi-
tive strong correlation (r=0.89) between mean diffu-
sion and the T2 signal intensity values of all lumbar
discs (p=0.001). The age of the cases was negatively
correlated with the T2 signal intensities (Pearson cor-
relation r=-0.70, P<0.01) and ADC values (Pearson
correlation – r=0.64, P<0.01) and positively correlated
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with the disc height of from L1-L2 to L5-S1 (Pearson
correlation r=0.33, P<0.01).

There was no significant correlation between the
disc height of from L1-L2 to L5-S1 and the measured
ADC values and the T2 signal intensities (Table-II).

DISCUSSION

A significant difference was observed between mea-
sured ADC values and T2 signal intensities and vi-
sual lumbar disc degeneration grades in this study.
The disc heights of men at L1-L2, L2-L3 were higher
than those of the women. There was correlation
between mean diffusion and the T2 signal intensity
values. The age of the cases was correlated with the
T2 signal intensities, ADC values, and the disc height
of from L1-L2 to L5-S1 (Table I, II).

Lumbar disc degeneration happens because of  dif-
ferent factors and results in a wide variety of condi-
tions. Some of disc degenerations lead to loss of height
of the motion segment with related changes in biome-
chanics of the segment. Disc herniation with
radiculopathy and chronic discogenic pain are the
results of this degenerative process. The lumbar discs
most often affected by degeneration that resulted with
herniation are L4-5 and L5-S1, almost certainly be-
cause of a combination of degeneration existing for a
long time and a following change to resist put in stress.
Radicular pain is often related to disc herniation and
it is evident that lumbar disc degeneration is multi-

factorial course and that both mechanical and
biochemical disorders occur.10

Kealey et al6 determined that prospectively the  dif-
fusibility of water in normal lumbar discs in adults
by using the mean ADC and if a relationship exists
between disc ADC and MR findings of disc degenera-
tion. In that study diffusion-weighted MR imaging of
the lumbar spine was performed in 39 cases and five
volunteers. They reported a significant decrease in
the ADC values of degenerated lumbar discs
compared with the ADC values of normal discs and
also dependence of lumbar disc ADC on
anatomic location.

Antoniou et al11 studied that biochemically deter-
mining if the MRI-calculated ADC of fresh cadaveric
human discs is a reflection of matrix composition,
matrix integrity or both. They confirmed that through
the use of MR techniques, the presence of correlations

Table-I: Demographic, clinical, and T2- and
diffusion- weighted MRI data of 52 patients

with chronic lumbar pain.
Women (n=32) Men (n=20) Significance

Age (y) 39 (20-64) 34 (19-55) NS
Body 27.4 (20-39) 25.1 (19-30) NS
 mass index (kg/m2)
T2-weighted signal intensity
L1-L2 95.9 (23.3-170.6) 104.9 (46.3-162) NS
L2-L3 90.4 (22.9-173.5) 100.4 (30.3-165.2) NS
L3-L4 72.2 (11.2-149) 79.5 (31.3-139.2) NS
L4-L5 50.6 (20.9-152.9) 64.9 (18-138.4) NS
L5-S1 57.2 (21.3-177.9) 72.9 (25.6-138) NS
Diffusion-weighted signal intensity(×10-3 mm2/s)
L1-L2 1.18 (0.20-1.65) 1.30 (0.72-1.58) NS
L2-L3 1.06 (0.36-1.50) 1.27 (0.21-1.61) NS
L3-L4 0.85 (0.38-1.70) 1.01 (0.17-1.54) NS
L4-L5 0.59 (0.15-1.41) 0.81 (0.11-1.50) NS
L5-S1 0.63 (0.03-1.81) 0.78 (0.15-1.31) NS
Disc height (mm)
L1-L2 9.15 (6.80-11.60) 9.90 (7.90-12.50) p=0.019
L2-L3 9.95 (6.80-13.10) 11.25 (8.80-14.60) p=0.010
L3-L4 10.55 (7.60-14.00) 11.20 (9.10-13.70) p=0.012
L4-L5 11.40 (4.90-15.10) 11.60 (4.10-13,50) NS
L5-S1 11.25 (4.10-14.90) 11.30 (7.60-15.10) NS
NS, no significance.

Table-II: The ADC and T2 signal intensities from L1-L2
to L5-S1 values according to Pfirrmann’s9 visual

degeneration grades at L1-L2 to L5-S1.
Intervertebral disc level Mean±SD Significance
L1-L2 ADC 1.15±0.30 p=0.023

T2 100,29±35.06 p=0.036
L2-L3 ADC 1,04±0.37 p=0.008

T2 91,81±36,92 p=0.002
L3-L4 ADC 0.90±0.38 p=0.001

T2 73.27±33,53 p=0.001
L4-L5 ADC 0.70±0.37 p=0.001

T2 62.40±33.45 p=0.001
L5-S1 ADC 0.71±0.42 p=0.001

T2 71.05±39.63 p=0.001

Figure-1: a ADC map, b and c T2-weighted fast spin-echo
image of the lumbar spine of one case. ROIs for ADC
measurements were placed on L1-2to L5-S1 discs. Line on
the T2-weighted image shows height (H) and ROIs indi-
cate measurements for T2 signal intensities.
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particularly between changes in matrix content, and
in some cases the integrity of the matrix, with age and
disc degeneration, the quality of diffusion in the NP,
and hence, the nutritional flow in the disc. They re-
ported that the relation between quantitative biochemi-
cal determination of matrix content and integrity and
the quantitative MR data.
Abanoz et al12 evaluated to assess the value of diffu-
sion-weighted steady-state free precession (SSFP) se-
quence for discriminating between benign and patho-
logic compression fractures. Forty-nine patients with
63 acute vertebral compression fractures caused by
osteoporosis, trauma, malignancy, and infection were
examined with a diffusion-weighted SSFP sequence
and a signal intensity characteristic was analyzed
qualitatively and quantitatively for all sequences.
They concluded that diffusion-weighted SSFP se-
quence might allow the differentiation of acute be-
nign osteoporotic fractures from malignant compres-
sion fractures. Benign fractures showed hypointense
or isointense signal on diffusion-weighted sequences
that reflected persistent free water proton mobility.
Malignant fractures showed hyperintensity com-
pared with normal surrounding bone marrow prob-
ably due to altered water proton mobility within the
neoplasm.

Karchevsky et al13 investigated that the association
of endplate changes with age, height, weight, body
mass index (BMI), and gender. One hundred lumbar
spines were evaluated and classified the endplate
bone marrow abnormalities on sagittal MR images
according to the explanations of Modic et al. Endplate
changes were correlated with age, gender, and BMI.
They proved that fatty endplate changes are the most
common. Endplate marrow changes most often arised
at the anterior aspect of the endplate, particularly at
L4-L5 and L5-S1 levels.

Niinimaki et al14 investigated that the relation of
ADC to degenerative changes in disc morphology and
signal intensity in conventional MRI. In that study,
lumbar spines of 228 volunteer middle-aged men were
scanned with 1.5 T including anatomic and diffusion-
weighted imaging. They concluded that there was an
important decrease of ADC in moderately degener-
ated discs compared to normal discs, with T2 signal
intensity being the only single measure that correlated
with decreased ADC. They suggested that ADC was
not dependent on anatomic level. Therefore, ADC
measurements of intervertebral discs are more appli-
cable for epidemiological studies than for clinical use
with the today’s MR technology because of notable
overlapping between ADC values of normal and
degenerated discs.

Evaluation of lumbar disc degeneration with
diffusion weight MRI can be a useful procedure in the
clinical practice for patients with several lumbar symp-
toms. Diffusion weight MRI sequence can be con-
ducted in a short time compared to T2 weighted
sequence. There is need for the improvement of
image quality of diffusion weighted MRI imaging for
more precise diagnosis of the lumbar diseases.
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