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The aim of the study was to evaluate possibilities of using diffusion-weighted MRI (DW MRI) in diagnostics of compression of dorsal
spinal ganglia and spinal nerve roots in patients with lumbar intervertebral disc herniation (IVD).

Materials and Methods. The study involved 37 patients (19 males, 18 females, average age — 42.6+12.7) with radicular syndrome
caused by an IVD hernia of the lumbosacral spine. In all the cases, the diagnosis was confirmed by a clinical-neurological examination of
a patient, radiography of the lumbar spine, multi-layer spiral CT and MRI investigations (including DW MRI). The control group included
29 volunteers (16 males, 13 females, average age — 37.4+9.6), who do not have clinical neurological and neuroimaging signs of a
degenerative disease of lumbar IVD.

Results. Average value of the measured diffusion coefficient (MDC) compressed by the hernia of L5 IVD root amounted to
1634.7 mm?/s, and the value of the intact — to 1109.2 mm?2/s. MDC for the right-sided S1 root without compression signs was 1392.5 mm?/s,
while for the left-sided one it was 1375.7 mm?s. The average MDC value for proximal regions of the spinal roots on the hernia side was
1441.2£13.7 mm?/s, and for the roots on the intact side it was 1243.9+17.6 mm?s (p<0.001). Average MDC values for the distal regions
of the roots on the degenerated IVD side were 1446.8+173.4 and 1107.5£76.1 mm?s, respectively (p<0.001). There is an evident direct
correlation between MDC of the dorsal spinal ganglion and pain intensity according to VAS (r;=0.089; p=0.012).

Conclusion. A specificity of compressed dorsal spinal ganglia and spinal nerve roots is their high MDC values which show
microstructural changes manifested by edema, demyelination, and axonal injury. DW MRI, which enables the MDC to be calculated, is
a perspective method of non-invasive instrumental diagnostics of compression nerve root syndromes in patients with degenerative VD
diseases.
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Introduction

Radicular pain in patients with sciatica was first
described by a neurosurgeon from Harvard University,
William Mixter, and his colleague, orthopedist Joseph
Barr in 1934 [1]. The authors clearly demonstrated that
compression of the spinal nerve root by a fragment
of an intervertebral disc (IVD) was underlying this
pain syndrome; however, pain pathophysiology in this
condition has not been fully disclosed yet. Currently, more

and more researchers are of the opinion that the key
role in the development of a nerve root pain syndrome
belongs to a dorsal spinal ganglion (DSG) [2, 3].
Diffusion-weighted magnetic resonance imaging (DW
MRI) is a modern instrumental non-invasive method
based on measurement of a diffusion degree of free
water molecules in different tissues [4]. A quantitative
measure of the diffusion degree of water molecules
in tissue is the measured diffusion coefficient (MDC).
Various MDC values represent a functional map of
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diffusion-weighted images (DWI) [5]. Earlier we received
successful results of using DW MRI for the diagnostics
of a degree of the degenerative IVD disease and its
postmortem changes [6—10]. There are works confirming
that DW MRI method that measures MDC allows
diagnosing various pathological states of the central and
peripheral nervous systems like multiple sclerosis [11],
carpal tunnel syndrome [12] and various demyelinating
processes [13].

Neurovisualization of the spinal cord and its roots by
DWI mapping is a complex technical task associated
with small size of the spinal cord, presence of multiple
artifacts from the surrounding tissues and artifacts
related to respiratory movements of a patient [14].
However, Takahara et al. [15] proved in their research
that visualization of the spinal cord, its roots and
peripheral nerves with DW MRI is an acceptable method
of diagnostics.

A search through reference sources in the up-to-date
databases revealed that there is only one message
devoted to the study of the DW MRI role in diagnostics
of DSG and spinal nerve root compression in patients
with lumbar IVD herniation. And the findings obtained by
the authors were rather unclear [16].

The aim of this study was to evaluate possibilities
of using diffusion-weighted MRI in diagnostics of
compression of dorsal spinal ganglia and spinal
nerve roots in patients with lumbar intervertebral disc
herniation.

Materials and Methods

We carried out an open non-randomized cohort
multicenter retrospective study from February 2017 to
May 2018 in the Center of Neurosurgery of the Railway
Clinical Hospital at the Irkutsk-Passagirsky Station of
RZD-Medicine.

The study involved 37 patients (19 males, 18 females,
average age — 42.6x12.7) with radicular syndrome
caused by an IVD hernia of the lumbosacral spine. In
all the cases the diagnosis was confirmed by a clinical-
neurological examination of a patient, radiography
of the lumbar spine, multi-layer spiral CT and MRI
investigations (including DW MRI). The control group
included 29 volunteers (16 males, 13 females, average
age — 37.419.6), who do not have clinical neurological
and neuroimaging signs of a degenerative disease of
lumbar IVD.

The inclusion criteria were the following: 1) presence
of bi- or polyradicular clinical-neurological symptoms;
2) central stenosis of the spinal canal; 3) surgery on the
lumbosacral spine in the medical history.

The clinical-neurological examination of a patient
involved studying of their neurological status (presence
of motor and sensory disorders), intensity analysis of
the pain syndrome according to visual analogue scale
(VAS) and analysis of patients’ quality of life according to
Oswestry Disability Index (ODI).
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Radiography of the lumbar spine was performed with
Digital Diagnost (Philips, the Netherlands), multi-layer
spiral CT of the lumbosacral spine was carried out with
Somatom Perspective 64 (Siemens, Germany).

Diffusion-weighted MRI with DWI mapping was carried
out on Magnetom Essenza 1.5 T (Siemens, Germany).
In the investigation in the mode of T1-weighed images
(T1-WI) we used the following parameters: matrix —
384x387; repetition time (TR) — 650 ms; echo time
(TE) — 9.6 ms; number of excitation (NEX) — 1; slice
thickness — 4 mm; field of view (FOV) — 30%30; in
T2-WI mode: matrix — 384x288; TR — 4000 ms; TE —
43 ms; NEX — 1; slice thickness — 4 mm; FOV —
30x30.

To obtain DWI maps we used the following set of
parameters for DW MRI option with SE-echo-planar
image (EPI): matrix — 160%x128; TR — 7500 ms; TE —
83 ms; NEX — 6; slice thickness — 4 mm; FOV —
30%30. We used the values of b-coefficient equal to 400
and 800; the time of scanning was 6 min 30 s.

The measured diffusion coefficient was calculated in
T2-WI mode with RadiAnt DICOM Viewer. The obtained
values were used for making functional DWI maps. The
obtained T1-WI, T2-WI and DWI maps were used for
measurement of morphometric DSG parameters (length
and width) and calculation of MDC values in the group of
patients with lumbar IVD herniation and in the group of
volunteers without the signs of IVD degeneration.

The study protocol was approved by the Ethics
Committee of Irkutsk State Medical University. The study
complied with the principles of Good Clinical Practice
and Helsinki Declaration [17]. Before the beginning of the
study all the patients provided written informed consent.

The findings were statistically processed with
Microsoft Excel 2010. DMC values in two groups under
study were compared with a Mann-Whitney test.
A correlation test between MDC values and clinical
parameters (pain intensity according to VAS, life quality
according to ODI) was carried out with Spearman’s
rank correlation (rg). The degree of correlation was
measured in the following way: if the value was r;>0.7 it
was assessed as a significant correlation, at 0.5<r,<0.7
as a moderate and at rg<0,5 as a weak one. Statistically
relevant were the differences at p<0.05.

Results

When the group of healthy volunteers without any
signs of the degenerative diseases of lumbar IVD was
examined with DW MRI and their spinal nerve roots of
the lower lumbar spine (from L4 to S1) were visualized
for DWI mapping, the average values of DSG length at
L4, L5, and S1 were 7.1+1.3, 9.5+1.7, and 6.3+0.6 mm,
respectively, average length values were 5.110.7,
6.310.6, and 5.8+0.5 mm, respectively. No reliable
differences in length and width of the left-sided and right-
sided DSG were identified. It is necessary to mention
that DSG length increased from L4 level up to S1 level,
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and DSG width increased from L5 level and decreased
to S1 level.

The average MDC values for L4, L5, and S1 DSG in
healthy volunteers were 1124.6+117.3, 1239.3+121.5,
and 1261.2+117.4 mm?s, respectively. Average
MDC values for the given roots were 1121.8+98.5,
1127.5+87.3, and 1165.6+103.7 mm?s, respectively.
There were no statistically relevant differences between
MDC values of DSG and spinal nerve roots on the right
and left sides. MCD of DSG and spinal nerve roots
increased from L4 to S1 level.

Figure 1. In DW MRI-images of lumbosacral spine at L,~S, level a left-
sided foraminal IVD hernia with the compression of L5 spinal nerve
root is visualized (shown with an arrow):
(a) T2-WI, sagittal slice; (b) T2-WI, frontal slice; (c) DWI map, frontal slice
(MDC of the proximal region of L5 nerve root is 1241 mm?/s); (d) T2-WI,
axial slice; (e) DWI map, axial slice (MDC of the left DSG at the given level
is 1439 mm?/s)

When DW MRI of the lumbosacral spine in different
modes in patients with IVD hernias was carried out,
there were registered the signs of compression and
edema of DSG and a proximal region of the spinal
nerve roots (Figure 1 (a)-(c)). In verification of
foraminal 1VD herniation the method of DW MRI allows
reliable evaluation of the state of the neural structures.
Therefore, MDC value of the compressed with VD
hernia spinal nerve root at L5 was 1634.7 mm?/s, and
of the intact nerve was 1109.2 mm%s (Figure 1 (d),
(e)). At the same time the MDC value for the right-
sided root at S1 without compression signs
was 1392.5 mm?s and for the left-sided
one it was 1375.7 mm?s. No statistically
relevant differences in the above-mentioned
parameters were registered for the left-sided
and right-sided spinal nerve roots.

The average MDC value for the
proximal regions of the spinal nerve roots
on the side of IVD hernia location was
1441.2£13.7 mm?/s, and for the roots on
the intact side it was 1243.9£17.6 mm?/s
(p<0.001). The average MDC values for the
distal regions of roots on the side of IVD
degeneration and on the intact side were
1446.8£173.4 and 1107.576.1 mm?/s,
respectively (p<0.001) (Figure 2).

To simplify evaluation of the state of
the neural structures with DWI mapping
and MDC calculation were introduced
R coefficient. This coefficient is a correlation
of MDC neural structure (DSG or spinal root)
on the side of IVD hernia location to MDC
of the neural structure on the intact side.
R coefficients for DSG and the proximal
region of the spinal root on IVD hernia side
were 1.16 and 1.32, and on the intact side
were 0.98 (p<0.01) and 1.0 (p<0.001),
respectively.

The analysis of morphometric DSG
parameters on IVD hernia side and the
intact side showed reliable differences
in the length values 15.312.2 and
10.6+£1.3 mm, respectively (p<0.01) and in

the width values — 6.7+0.8 and 5.8+0.6 mm,

_ o] _ ﬁgg 1 I respectively (p<0.001).
£ 1400 ! . 2 1500 | I To evaluate clinical-neurological
E 1583 E 1000 - symptoms in patients with a degenerative
o 80 e 288 ] disease of lumbar IVD in 23 patients (62.1%)
g oo 9 40 we verified the signs of radiculoneuralgia, in
= 200 = 20 10 cases (27.02%) — radiculoneuritis and
cDSG iDSG cSNR iSNR in 4 (10.8%) — the signs of raQichopathy
a b [18]. The average values of pain intensity

Figure 2. Comparison of average MDC values:

(a) dorsal spinal ganglia compressed with a hernia of an intervertebral disc
(cDSG) and intact ones (iDSG) (p<0.01); (b) spinal nerve roots, compressed

(cSNR) and intact (iISNR) ones (p<0.001)
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according to ODI were 6.2+3.3 cm and
59.8414.5%. The analysis of correlation
between the MDC values of DSG, spinal
nerve roots and the clinical parameters
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Figure 3. Analysis of correlation between MDC of DSG and the proximal region of the
spinal nerve roots and the clinical parameters:

(a) between MDC of DSG and the degree of intensity according to VAS; (b) between MDC
of DSG and the quality of patients’ life according to ODI; (c) between MDC of the proximal
region of the roots and the degree of intensity according to VAS; (d) between MDC of the
proximal region of the roots and the patients’ quality of life according to ODI

showed that between MDC of DSG and the pain
intensity according to VAS there is statistically relevant
direct correlation (rs=0.089; p=0.012) (Figure 3).

Discussion

As previously reported, the main role in the
development of nerve root pain syndrome in IVD hernias
belongs to DSG. When neural structures are compressed
with IVD hernias, two main pathophysiological processes
occur — mechanical compression of the spinal nerve
root itself and compression of vessels which are involved
in feeding those roots [18].

Olmarker et al. in 1989 [19] showed that long-term
compression of spinal nerve roots lead to their edema
and demyelination. Morphological tests of the patients
with significant foraminal stenosis confirm the presence
of degenerative changes in spinal nerve roots [20]. As a
rule, these degenerative changes include demyelination
and the loss of axons. As Takata et al. [21] observed,
multi-layer spiral CT-myelography showed that in lumbar
IVD hernias there was significant edema of spinal nerve
roots. Toyone et al. [22] stated that MRI investigation
of the lumbosacral spine with intravenous contrasting
allows the clearest visualization of the neural structures
compressed with IVD hernia. Some authors suppose
that this visualization enhancement is associated with
partial damage of histochematic “blood-root” barrier
[23]. Others [24] are of the opinion that improvement
of visualization of the nerve roots compressed with

Diffusion-Weighted MRI in Diagnostics of Spinal Nerve Root Compression

IVD during MRI investigation with contrast is caused
by varicose branches of radicular veins which increase
signal intensity in MRI images. In some works [25, 26]
it is noted that intensification of the signal from spinal
nerve roots after decompressing surgery resulted from
microtrauma caused by the neurosurgeon. On the other
hand, it has been shown [27] that MRI myelography can
help verify edema of spinal nerve roots and the edema
intensity reliably correlates with clinical neurological
symptoms of lumbar VD herniation.

Baliyan et al. [28] in their study showed that when
peripheral nerves are damaged in the early period
(up to 6 days) the data in DWI maps show limitation
in diffusion degree of free water molecules. However,
1-4 weeks after the nerve damage the average MDC
values increase considerably, and this fact reflects
microstructural changes in the nervous tissue manifested
by demyelination, edema and axonal damage. The study
[29] also confirmed a significant increase in average
MDC values when a sciatic nerve was injured in frogs in
the experiment.

The previous investigations studying the use of
DW MRI with MDC calculations in diagnostics of
various pathological states of the nervous system
demonstrated high sensitivity and specificity of this
method in diagnostics of multiple sclerosis, carpal
tunnel syndrome and various demyelinating processes
[13-15]. We could find the information about the use of
DW MRI in diagnostics of compression of spinal nerve
roots in degenerative VD disease only in the following
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work [16]. But it should be mentioned that this study,
unfortunately, has its own drawbacks. It considers an
insignificant number of respondents with degeneration
of lumbar IVD and healthy volunteers. The work does
not consider clinical-neurological symptoms of patients
with sciatica, which is an important aspect in diagnostics
of compression of spinal nerve roots in patients with
hernias of lumbar IVD. According to our findings,
compressed with lumbar IVD hernias spinal nerve roots
and DSG of the spinal cord have reliably high MDC
values compared to intact nerve roots and DSG. It can
be supposed that those high MDC values are caused by
edema and myelination of the given neural structures.
Upon the whole, the obtained results of our study mainly
correlate with the findings obtained by Eguchi et al. [16].

This study also has some downsides which should
be specified. Firstly, it has a retrospective character
and involves a small number of patients which affected
the results of statistical processing. Secondly, when we
identified MDC values of DSG and spinal nerve roots
we did not specify the regions of interest; it also had an
impact on calculation of MDC values. Thirdly, our work
did not consider the results of electroneuromyography
the patients had undergone, but that investigation allows
reliable evaluation of the spinal nerve roots. And finally
the investigation did not consider morphological types of
MDC hernias such as protrusions and extrusions.

Conclusion

The study shows effectiveness of using DW MRI
with DWI mapping and MDC calculation in diagnostics
of spinal nerve compression in patients with lumbar
IVD herniation. There is a statistically relevant direct
correlation between pain intensity and according to
VAS and MDC values of DSG. The main specificity
of compressed DSG and spinal nerve compression
is high MDC values, which in all probability reflects
microstructural changes of the latter in the form of
edema, demyelination and axonal injury. We believe
that DW MRI is a perspective method of non-invasive
instrumental diagnostics of compressed nerve root
syndromes in patients with an IVD disease.
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