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Abstract
Introduction: To examine the hypothesis that diffusion weighted imaging (DWI) in
lumbosacral region could reveal sciatic nerve course swelling that lead to lower extremity
pain. The aim of present article was to find and evaluate the diffusion weighted coefficients
(b-values) for scrutinizing sciatic nerve tract changes in lumbosacral region.
Materials and methods: Lumbar area was imaged in 30 patients with lower extremity pain
in one side (left or right) at 1.5 T MR with routine protocols and DWI. Two stages for
processing images were generated. Distance of sciatic nerve fibers between all patients In
terms of Gray level average (GLA) and Contrast average (CA) on each side were calculated
by MATLAB software. An appropriate statistical test such as Paired T test was used and.
P<0.05 was considered as significant
Results: In the first stage of image processing there was no significant result in affected side
rather than normal side. In the second stage, the mean b-value was significantly correlated
with affected side that represent nerve swelling and the mean ADC was positively related to
affected side. In b-value images, the diameter of affected side is greater than the healthy side
and P<0.001 showed significant results. The CA of affected side is greater than healthy side
and P<0.001 illustrated significant results. For GLA, statistics showed the greater values for
affected side in comparison to healthy side and P<0.001 was significant.
Conclusion: Based on the results of present study, neurography is possible way to visualize
early changes, such as nerve indentation and swelling, and to qualitatively evaluate affected
lumbar nerves course in patients with lower extremity pains.
Keywords: Diffusion weighted imaging, Lumbar spine, Neurography, ADC Map,
Claudicating
Introduction
For the first time, the radicular pain of
sciatica was explained by Mixter and Barr
(1) but the underlying pathophysiology
1

remains unknown. Disk compression is a
frequent event that occurs among people
and related to many things such as
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heredity, age, the history of occupations,
driving, sitting history and any other things
(2). Low back pain is now recognized as
the most common and expensive ailment
of the middle-aged patients in the
industrialized societies of western nations
(3). In parallel to disk compression results
on nerve roots, sometimes without any
direct nerve involvement a rupture in disk
or annular tear could result radiating pain
to lower extremity (4, 5), this finding
represent the possibility of patients
complain about low back pain despite
having normal MRI imaging of
Lumbosacral region. Among patients with
low back pain and unilateral or bilateral
radiation to lower extremities, the pain
arises from within the disk. In these cases,
pain radiating to lower limb seems to be a
referred type and seems unrelated to direct
nerve root compression or irritation by
disk fragment in the epidural space (6).
The disk herniation caused widespread
edema throughout the entire nerve root
using CT myelograms (7). Gadolinium–
DTPA-enhanced
MRI
showed
enhancement of symptomatic nerve roots
among patients with Lumbar-herniated
disks and the degree of enhancement
reflected the severity of the sciatica (8). If
the patient problems arise from nerve root
and disk disease we can diagnose by doing
routine MRI that it will be done in most
medical imaging centers (9, 10). Patients
with lumbosacral and lower extremity pain
may be referred to clinics with normal
reported routine Lumbosacral MRI but
they do have radiating pain to the lower
extremities.
Unilateral
lower
limb
extremity pain is more often happen than
two sided pain. T2W spin-echo
conventional techniques cannot image
smaller nerves in periphery because the
nerves cannot be distinguished from blood
vessels on T2W spin-echo images (11).
Diffusion weighted imaging (DWI) can
reveal microstructure of tissues on the
basis of giving information about random
movement of water molecules, which is
restricted in some directions due to tissue
2
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damages (12). Moreover, the net
displacement of molecules is called
apparent diffusion coefficient (ADC) and a
sequence can be sensitized to this motion
by applying two gradients on either side of
the 180o radiofrequency (RF) pulse (9,
10). This works in the similar way to phase
contrast Magnetic Resonance Angiography
(MRA) in that stationary spins will acquire
no net phase change after the gradients
have been applied. Moving spins,
however, will acquire this phase change
and result in signal loss (9). In diffusion
imaging, normal tissue has lower signal
intensity than abnormal tissue, the
molecules within are free to move, while
diffusion becomes restricted when
pathology is present. The signal change
depends on ADC of tissue and the strength
of the gradients. The amplitude of these is
controlled by the b factor/value which is
similar to VENC (Encoding Velocity) in
phase contrast MRA (10, 12). Recently, it
has been reported that DWI is useful for
assessment and diagnosis of lesions, such
as those patients who suffer from multiple
sclerosis (13) and peripheral nerve
compression disorders, such as carpal
tunnel syndrome (14). However, imaging
of spinal cord, disks and vertebra with
DWI have technical limitations. The small
size of cord and susceptibility artifacts
which related to tissue/bone interfaces
make problem in DWI imaging of the
Lumbosacral region (15). To test
hypothesis that diffusion weighted
imaging in lumbosacral region could
reveal sciatic nerve course swelling, lead
to lower extremity pain. Thus we decided
to apply optimized version of DWI
sequences to collect more details about
patient problems. The aim of this article
was to find and evaluate the diffusion
weighted coefficients (b-values) for
scrutinizing sciatic nerve tract changes in
lumbosacral region.
Materials and methods
Study population: Thirty patients (16
males and 14 females; median age: 42.7
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years; range: 18-69 years) participated in
our study, with radiating pain to lower
extremities mainly and solely in one side,
after being examined with routine
lumbosacral MRI, they were examined by
DWI. Thus the other side values were used
as control population. Testimonial was
obtained from all patients before the study
and study was approved by the Beheshti
University of Medical Sciences research
Committee. Inclusion criteria was to
determine patients who had one side
claudicating and the exclusion criteria
were; a) having surgery history in lumbar
area or hip; b) Trauma in this region; c)
Having bilateral symptoms and two sided

radiculopathy and d) Lumbar canal
stenosis. The duration of lower extremity
pain before MRI was determined 8-10
weeks.
MRI protocol: We used a 1.5 T scanner (I
Class, B17 software, Avanto, Siemens
Medical System; Germany). Subjects were
examined in supine position and they were
studied in routine lumbosacral MRI
examinations by using Torso array coils.
DWI was performed in coronal plane by
using a short TI inversion recovery–echo
planar imaging (STIR–EPI) sequence
(multishot echo planar (EPI imaging) with
free breathing technique. Table 1
illustrates image parameters in our study.

Table 1. The parameters for imaging of patients.
Parameters

DWI

TR (ms)

TE (ms)

5000
b-value s/mm2

89
Field of view
(mm)
352×352

50/300/500/700

Sequence
Slice thickness
(mm)
180
3
Matrix size
Acceleration
factor
192×192
2
TI (ms)
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Image analysis: With this DWI sequence
we acquired tissues image with an
impeded diffusion, for instance spinal
cord, nerve roots and peripheral nerves.
The use of a short TI inversion recovery
for fat suppression ensured elimination of
disturbing signals as we had in fat, blood
vessels, tendons and muscles, although the
acquired
images
by
using
this
technique were low in signal to noise ratio
because of using fat suppression.
After
acquiring
DWI
images
the

Distance factor
(mm)
0
EPI factor

Number of slices

96

2 min 36 seconds

22
Total scan time

b-value 300 s/mm2 series were transferred
to Maximum Intensity Projection software
of system (MIP). Images with 5 mm
thicknesses
in
favorite
orientation
(coronal) were constructed for better nerve
tracking. With coronal reconstruction in
MIP software the trajectory of main nerves
was acceptably visualized. Using 4 bvalues help us to obtain more precise ADC
map results. In Figure 1 we can observe
the images with 4 b-values reconstructed
in coronal plane.

Figure 1. Reconstructed images with 5 mm slice thicknesses in coronal plane (right to left) with b-values
50/300/500/700 s/mm2. As we can see the plane of reconstructed images was set in coronal plane. The coronal
reconstructions were set in planes, that we have the complete length of nerves branching down from the lower
end of the spinal cord.
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Two stages of image processing were done
on result of images. In first stage of
research three regions of interest (ROIs) in
b-values include: 300 s/mm2 images with
21 pixels extends put on each side
(healthy side and affected side)
on the
nerve and the same story for
corresponding
apparent
diffusion
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coefficient (ADC maps) images. The
values are taken for more comparison
(Figure 2). On the other hand, we
performed second stage of research, a
program in MATLAB software generated
to cut unwanted parts
of images and
focus on main objects for
processing
images without artifacts.
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Figure 2. The images above show the b-value 300 (left) and the ADC map (right) of 39 old year’s patient. We
chose 3 ROIs with 21 pixels extend on each side of each image. These values represent the amount of
signal/noise ratio on each ROI.

We first input the reconstructed image in
MIP to software and splitting it to right
and left side with similar dimensions
(length and width) for equally and
separately process. We use smoothing
filter after previous session for eliminating
unwanted noises, then Binary conversion
with Wiener method would change the
image format to binary system. Then we
use dilation method on binary resulted
image and input the result image for region
growing labeling. The last result would be
the binary image only contains the main
object and we can extract the features of
image such as mean diameter, mean
contrast and mean density of each sciatic

4

nerve fiber of each side. Figure 3 shows
the processing order in MATLAB
software. We used this program to
calculate details in similar distance of
sciatic nerve fibers between all patients
for :
1) Mean nerve diameter on each side.
2) Gray level average (GLA) on each side.
3) Contrast average (CA) on each side
Statistical analysis
Statistical analysis was performed by
SPSS software (Version 20). In this study
we focus on L5-S1 trunk (nerve). Paired T
test was used to compare the extracted
values. P<0.05 was considered significant.
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Figure 3. Different levels of image processing in MATLAB software. A) Illustrates the image selection and
finding a start point. B) Illustrates the image division. C, D) Noise elimination and smoothing. E) Otsu matrix
module and Binary conversion. F) The chart of changing nerve diameter on one side in selected length.
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Results
We used Paired t-test to compare data we
acquired from right and left sides (affected
side versus healthy side). Statistics
extracted from image survey, so, first stage
shows the mean selected ROIs on ADC
map on affected side was 1167.51 and on
healthy side was 1135.16. It means that
affected side is a bit higher than healthy
side. In comparison to healthy side the
ADC
shows
insignificant
results
(P=0.305). The mean selected ROIs on b-

value 300 on affected side were 40.85 and
on healthy side were 38.51. The story was
the same as ADC values for this
parameter. Again affected side shows
values a bit higher than healthy side but it
is not significant in meaning (P=0.159).
We expected the b-values of affected side
higher than healthy side and ADC values
of affected side lower than healthy side.
Table 2 summarizes statistics we collected
in first stage of research.

Table 2. Summarize the Healthy and Affected sides in first stage.
Patients
Healthy side mean
Affected side
Difference mean
%95 CI
P-value†
(SD)
mean (SD)
(SD)
b-value= 300
38.51
40.85
2.34
(-0.96 , 5.66)
0.159
ADC
1135.16
1167.51
32.34
(-30.98 , 95.67)
0.305
†In b-value images, the P= 0.159 which is a positive value greater than 0.05 and it means no statistically
significant results. In ADC images, the P= 0.305 which is a positive value greater than 0.05 and it means no
statistically significant importance.
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Statistics extracted from image survey, in
second stage: we had three parameters for
comparison including:
1. The mean diameter of nerve tract in bvalue 300 images on affected side was
52248.83; this is greater than healthy side
51442.86. These numbers for ADC of
affected side was 54999.23 and for healthy
side 53955.40. We expect having greater
b-values in affected side than healthy side
and the opposite for ADC values. The
statistics show significant results in both
parameters (P<0.001) but the results in
ADC was not clinically acceptable.
Actually the ADC had to be with lower
values in affected side (Tables 3 and 4).
2. The GLA on affected side in b-value
300 was 223.03 and on healthy side was
221 and these numbers for ADC of
affected side was 234.30 and for healthy
side was 230.63. In both ADC and b-value
images P- value were less than 0.001. It
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means that there are significant results in
ADC and b-value. For b-value images, the
statistics could be accepted based on
hypothesis of this study. We anticipated
the ADC values in affected side to be less
than healthy side due to ADC and b-value
image characteristics, but the ADC
showed significant statistics in negative
way and we couldn’t accept the results
(Tables 3 and 4).
3. The mean CA in b-value 300 images on
affected side was 248.86 and on healthy
side were 248.33. These numbers for ADC
images of affected side was 244.36 and the
healthy side was 242.50. Again statistics
showed significant results in both ADC
and b-value, but results that obtained in
ADC images were not clinically
acceptable due to opposite character of
ADC with b-value. Tables 3 and 4 show
the statistics we collected from second
stage of image processing.

Table 3. Summarize the b-value 300 parameters between healthy and affected sides in second stage.
Patients
Healthy side mean
Affected side mean
Difference mean
P-value
(SD)
(SD)
(SD)
Diameter
51442.86
52248.83
805.97
< 0.001
GLA‡
223.03
221
2.03
< 0.001
CA†
248/33
248/86
0.53
< 0.001
‡Gray level average, †Contrast average.
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Table 4. Summarize the ADC parameters between healthy and affected sides in second stage.
Patients
Healthy side
Affected side
Difference
%95 CI
mean (SD)
mean (SD)
mean (SD)
Diameter
53955.40
54999.23
1043.83
(788.92 , 1298.74)
GLA‡
230. 63
234.30
3.66
(2.51 , 4.82)
CA†
242.50
244.36
1.86
(1.35 , 2.38)
‡Gray level average, †Contrast average.

In b-value images, the diameter of affected
side is greater than healthy side and
P<0.001 showed significant results. The
CA of affected side is greater than healthy
side and P<0.001 showed significant
results. For GLA statistics illustrated
differences between affected side and
healthy side, the mean difference between
this two sides showed the P<0.001 that
means significant results. In ADC images,
the diameter of affected side is greater than
healthy side and the P<0.001 that showed
significant results. The CA of affected side
6

P-value
< 0.001
< 0.001
< 0.001

is greater than healthy side and the
P<0.001 showed significant results. For
GLA statistics show greater values for
affected side in comparison to healthy side
and P<0.001 was significant. In b-value
parameters we obtained expected results in
affected side, although the ADC maps
show significant results but we expected
lower numbers in ADC of affected side
than normal side. The statistics we
obtained in ADC were unacceptable
despite its p-value. All we were chasing
described greater b-value in affected side

Original article
rather than normal side and lower ADC
value in affected side rather than normal
side. May be we have to examine and
process the findings among greater
population.
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Discussion
The power of DWI imaging in case of
specificity and sensitivity in evaluating
early changes in many diseases such as
MS, Stroke, Trauma, Tumors and
Infection (16) has become as an essential
part of armamentarium of routine
diagnostic sequences in MRI. The
increasingly diagnostic potentials of DWI
pop create an idea in our minds to work on
lumbosacral region. DWI may be useful to
provide information which is not available
with conventional MR imaging in
evaluating of spine, disks, spinal cord and
nerves. The power of DWI to detecting
early and microstructure changes may help
us to diagnose disease affected sciatic
nerve (11). Many studies have done on
DWI and ADC on degeneration discs and
spinal cord. A statistically significant
decrease was seen in ADC values of
degenerated lumbar disks when it
compared to ADC values of normal disks.
More caudal disks, even when they are
normal, showed lower ADC values than
more cephalic disks (17). On the other
hand, we know that the lumbar
intervertebral disks are the largest vascular
tissue in adult human body. Thus, its
nutrition occurs by means of diffusion
from blood vessels in the surrounding
structures (18). Maybe changes in blood
vessels supply can affect herniation of disk
cause widespread edema throughout the
entire nerve root and can be find in
myelograms. It means that myelography
could clearly illustrate swelling in affected
nerve root (19). Several authors have
described that in gadolinium-DTPAenhanced MRI the symptomatic nerve
roots in patients affected by lumbarherniated disks would show enhancement.
The degree of enhancement reflected the
severity of sciatica (8, 20). In 2011 using
7
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DWI in study by Beattie PF and his
colleagues reveal that DWI sequence
might allow the differentiation of
potentially quantify the physiologic effect
of physical therapy intervention in normal
and degenerative lumbar intervertebral
discs (21). In present study, mean ADC
values in affected side of patient were
greater than in healthy side. Also the bvalue 300 showed greater values in
affected side than in healthy side. In this
study we used STIR-EPI sequences and
free breathing scanning technique, and
then we provided 3D reconstructed images
for tracking the course of nerve in MIP
images. We generally focused on L5-S1
nerve that exiting down of pelvic that’s
branching to thigh. According to the nerve
distribution dermatome (22) we focused on
L5-S1 tract in this study but chasing the
nerve course can be done in other to study
for remaining nerve tracts. The results of
first stage assessment in this study showed
that the mean ADC and b-value 300 in
affected side are often greater than healthy
side except in a few number of patients
(may be the difference referring to the
cause of disease, the time period of disease
or other parameters) (17, 21). Anyway, in
first stage we could not reach to reliable
results in this study. In second stage the
statistics of patients showed the greater
ADC and b-values in affected side than in
healthy side of the patient. We expected
the b-values of affected side would be
greater than healthy side. Statistics show
coordinate results, but the mean ADC in
the affected side tended to increase and it
is against what we expected (it had to be
decreased) (11). In the second parameter
of the second stage, CA, b-value
parameters in affected side were
meaningful and greater than healthy side
(P<0.05), and it’s the same for ADC map
images. In the last parameter of second
stage, the GLA, this parameter in both bvalues and ADC map in affected side were
greater than healthy side and for mean
ADC maps the story was the same, it
means despite our expectation it increased
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(13, 17, 21). In result, we think greater
population of patients could eliminate any
doubt (if exist) and lead to increase of
statistical power. We acknowledge that
present study has several conditional
limitations. The first one is the small
number of subjects were investigated.
Further, studies are needed to investigate
whether our findings remain valid in a
large population? The second one, in plane
resolution was poor, which might be
insufficient to image small lumbar spinal
nerves, the low scan time (low NSA) and
ADC maps were limited because the tissue
contrast between nerves and surrounding
tissues was poor . Therefore the b-values
and ADC maps values were measured
within the ROI that was placed in
anatomical locations on nerves by using
neurography. Third; electrophysiological
examinations were not performed to detect
the level of affected nerve in this study.
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Conclusion
Our study demonstrated that neurography
is a possible way to visualize early
changes, such as nerve indentation and
swelling, and to qualitatively evaluate
affected lumbar nerves course in patients
with lower extremity pains. We believe
that, DWI has potential to be used as a tool
for assessing the diagnosis of changes in
affected nerve course if happened.
Although not statistically significant
results in all researches, our result in nerve
diameter clearly showed a tendency
toward decrease diffusivity in affected side
(pain radiating to lower extremity) with a
small swelling of the nerve tract.
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