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Abstract
Study Design: Retrospective study.

Objective: To describe the MRI findings of RNRs in patients with low back pain, and observe the imaging findings and the clinical
outcome post decompression surgery.

Methods: The lumbar spine MRI of 202 patients (122 females) with proven RNRs were retrospectively reviewed. The mor-
phology and the location of the RNRs in relation to the level of stenosis were described. The level(s), grade and cause of lumbar
canal stenosis were recorded. The persistence of symptoms and the imaging findings on follow up post decompression surgery
were recorded. The imaging findings were correlated among each other and with patients’ demographics.

Results: Two distinctive morphological appearance of the RNRs were noted: loop (56.4%), and serpentine-shaped. In the
majority of the cases the RNRs were located above the level of stenosis (79.7%). Eighteen patients underwent decompression
surgery, only 4 patients remained symptomatic post decompression surgery. The RNRs changed in shape and location after
decompression surgery. Age was a strong predictor value in the location of the RNRs. There was no correlation between the
shape and location of the RNRs, or with the gender of the patients.

Conclusion: RNRs is not an uncommon finding on lumbar spine MRI with lumbar canal stenosis. Its importance remains a
controversy. A common language between the radiologists and the clinicians is mandatory to aid in the management planning.
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Introduction Lumbar spinal canal stenosis (LCS) is considered to be the
primary cause responsible for the development of this condi-
tion. The suggested mechanism involves the influence of an
external compression force on the nerve roots, which grips

Several previous reports have credited Verbiest (1954) with the
description of the redundant nerve roots (RNRs) of the cauda
equina.'"® However, Verbiest described a developmental anom-
aly that causes spinal canal narrowing resulting in characteristic
symptoms, and he suggested that the nerve roots would be
affected only if the.y were deviated from their normal path.6 Medicine, Faculty of Medicine, Jordan University of Science and
On the other hand, in 1967, Cressman and Pawl were the first Technology, Irbid, Jordan
to introduce the true descriptive term “RNRs of the cauda 2 pepartment of Public Health, Jordan University of Science and Technology,
equina,” as a condition associated with spinal canal narrowing.”  Irbid, Jordan

RNRs is a condition owing to which the nerve roots of the
cauda equina become elongated, tortuous, and thickened dueto ) )
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them as they squeeze into and out of the narrowed canal,
thereby causing them to become tortuous and elongated.?

Via myelographic studies, this syndrome was initially
described as the presence of multiple serpiginous filling defects
within the contrast-filled lumbar subarachnoid space, which is
associated with a high grade partial or complete extradural
block of the transit of contrast.'®

On sagittal T2 images acquired via magnetic resonance ima-
ging (MRI), the RNRs appear as wave-like structures that fill
the subarachnoid space in the lumbar spinal canal and that
produce a signal intensity similar to that produced by the nerve
roots of the cauda equina.

It is a slowly progressive condition that primarily affects
elderly individuals who present with more severe symptoms
that remain for a longer duration. The damage caused to the
nerve roots owing to the long period of exposure to canal
narrowing results in the incomplete recovery of the symptoms
in most of the patients with RNRs who undergo decompression
surgery.®

Further, this condition is not as uncommon as was previ-
ously thought, and its recognition on MR images is important in
order to plan surgeries and to predict the clinical outcome post-
surgery.’

The aim of this study was to report on the MRI findings
associated with the RNRs of the cauda equina including the
morphology of the RNRs and their location with respect to the
level of stenosis. The associated degenerative changes of
the lumbar spine that contribute to the canal stenosis and the
clinical outcomes and imaging findings of the patients post-
decompression surgery have also been reported on. To the best
of our knowledge, this is the largest study group that has been
investigated up to date.

Material and Methods

This study was approved by the Institutional Review Board of
our institution. We retrospectively studied the lumbar spine
MRI records of 202 patients with evidence of RNRs of the
cauda equina associated with LCS between January 2012 to
May 2019.

The presence of RNRs was defined as elongated and tortu-
ous nerves of the cauda equina observed within the subarach-
noid space on sagittal T2 images. Patients with histories of
fractures, previous spinal surgeries, neoplasms, primary lumbar
canal stenosis, and inflammatory or infectious diseases were all
excluded from our study.

The MR images were obtained using two 1.5T scanners
(Toshiba, Japan and Philips, USA) and a 3 T scanner (Philips,
USA). Sagittal T1 and T2 and axial T2 spin echo sequences
were obtained for all the patients using a phase array coil.

The images were individually analyzed by 2 radiologists to
detect the presence of spinal canal stenosis, to determine
whether the stenosis was single or multilevel, and to assess the
degree of the stenosis. The degree of LCS was assessed based
on the grading system proposed by Lee et al,'' according to
which LCS was defined as the obliteration of the cerebrospinal

fluid (CSF) space anterior to the cauda equina in the dural
sac as observed on T2 axial images, and it was categorized
into the following 3 grades: grade 1/mild stenosis: mild oblit-
eration of the anterior CSF space with clear separation among
each of the cauda equina nerves; grade 2/moderate stenosis:
moderate obliteration of the anterior CSF space with some
aggregation of the cauda equina making it impossible to
visually separate the nerves; and grade 3/severe stenosis:
severe obliteration of the anterior CSF space with the cauda
equina appearing as 1 bundle, thereby resulting in none of the
nerves appearing visually separated from each other. Only the
levels of stenosis involving the presence of RNRs were taken
into consideration.

In addition, the images were assessed for the following
causes of LCS: degenerative disc bulges (DDB), spondylolisth-
esis, facet joint degeneration (FJD), and ligamentum flavum
hypertrophy (LFH). The thickness of the ligamentum flavum
responsible for focal spinal canal stenosis was measured at the
facet joint level on T2 axial images. If the thickness was asym-
metrical at that particular level, the measurement of the thickest
side was used. The measurements that we obtained were com-
pared with those corresponding to the thickness of the ligamen-
tum flavum at various levels for specific age groups that are
recorded in a table created by Sakamaki et al.'?

The RNRs were assessed based on their morphology, i.e.
whether they were loop-shaped or serpentine-shaped and based
on their location in relation to the level of stenosis, i.e. whether
they were located above, below, or above and below the level
of stenosis.

The patients were categorized as having persistent or non-
persistent symptoms post-surgery. The available images and
surgical records were analyzed to determine the type of surgery
performed (microdiscectomy vs. laminectomy with transpedi-
cular fixation screws), and the level and morphology of the
RNRs following surgery.

Intravenous contrast material was administered to only
1 patient who was highly suspected of being affected by a dural
arteriovenous malformation owing to the extensive tortuosity
of the RNRs.

The pre and post operative clinical data, and the operation
notes were obtained through the hospital’s electronic data base.

All the statistical analyses for the dependent and indepen-
dent variables were performed using the SAS statistical
software (version 9.2; SAS institute, Cary, NC, USA). Frequen-
cies and percentages were used for categorical variables. The
statistical associations between variables, such as RNRs shapes
and locations, were tested using the Pearson’s X2 Chi-test and
Fisher’s Exact test for low counts. The analysis was performed
both for the overall sample and for each sex. A p-value of
<0.05 was considered significant.

Results

On sagittal T2 MR images, the RNRs appeared as wave-like
structures filling the subarachnoid space in the lumbar spinal
canal, and they produced a signal intensity similar to that
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Figure |. Morphological configuration of the RNRs demonstrated on
sagittal T2 images. (a) Loop-shaped RNRs above L3 level in a patient
with moderate spinal canal stenosis at L3-L4 level. (b) Serpentine-
shaped RNRs above L3 level in a patient with severe spinal canal
stenosis at L3-L4 level.

produced by the nerve roots of the cauda equina in relation to a
focal stenosis.

The majority of the study group was females (60.4%) with
an age range between 42-85 years. The age range of the males
was 36-88 years.

Two distinctive morphological configurations of the RNRs
were noted: in the majority of patients, they (56.4%) appeared
to be loop-shaped while in the rest, they were observed to be
serpentine-shaped (Figure 1).

In 79.7% of the patients, the RNRs were located above the
level of the canal stenosis, and in 14.3% of them, the RNRs
were located above and below the level of stenosis. Further, in
only 12 patients, the RNRs were located below the level of the
stenosis (Figure 2).

The main presenting symptom was lower back pain which
was present in all of the patients. The symptoms overlapped
with more than 1 symptom presenting in the same patient.
Sciatica was the most common associated symptom (65%).
Numbness and parasthesia was seen in 18% of the patients.
8% of the patients presented with associated neurogenic clau-
dication. The least associated symptoms were weakness and
foot drop (2.4% and 1% respectively).

The RNRs in patients with sciatica were most commonly
seen above the level of stenosis and were serpentine-shaped. In
patients with numbness and paresthesia and foot drop, the

Figure 2. Locations of the RNRs in relation to the focal spinal canal stenosis. (a) Above the level of moderate spinal canal stenosis at L3-L4
level (arrow). (b) Below the level of severe spinal canal stenosis at L3-L4 level. (c) Above and below the level of severe spinal canal stenosis at

L3-L4.
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Table I. Correlation Between Gender and the Location and Shape of
the RNRs. A p-value of <0.05 Was Considered Significant.

Table 3. The Distribution of the Cause of LCS Among Both Genders.
The Causes of the LCS Overlapped in Most of the Patients.

N (%)
Female Male Overall

Patient’s Demographics 122 (60.4) 80 (36.6) p-value
Age Range (Years) 42-85 36-88
Location of RNRs * 0.1696

Above 102 (83.6) 59 (73.7)

Below 7 (5.7) 5(6.3)

Above and Below 13 (10.7) 16 (20)
Shape of RNRs *

Loop 71 (58.2) 37 (46.3) 0.5330

Serpentine 51 (41.8) 43 (53.7)

*There was no significant correlation between the shape and location, p value
0.07.

Table 2. Correlation Between Age and Shape and Location of the
RNRs. A p-Value of <0.05 Was Considered Significant.

Age range (42-88years) Number (%) P value
Location of RNR
Above 161 (79.7) 0.02
Below 12 (6)
Above and Below 29 (14.3)
Shape of RNR
Loop 108 (53.5) 0.18
Serpentine 94 (46.5)

RNRs were most commonly located above the level of stenosis.
Equal frequency of the shape of the RNRs in the former and
loop-shaped was common in the latter. In patients with neuro-
genic claudication the RNRs were most commonly noted above
and below the level of stenosis and were loop-shaped. RNRs
were serpentine-shaped in patients with associated weakness
with equal frequency regarding their location. There were no
significant statistical correlations among the location and mor-
phology of the RNRs and the presenting symptoms.

There were no significant statistical correlations among the
location and morphology of the RNRs and patient sex, and
there were no significant statistical correlations between the
location and the morphology of the RNRs (Table 1).

There was significant statistical correlation among the loca-
tion of the RNRs and the age of the patients. The patients with
RNRs present above and below the level of the canal stenosis
were much older than the rest. The age differences between the
patients with RNRs above and below the level of stenosis were
2-12 years and 3-19 years older than those with RNRs above
the level of stenosis and below the level of stenosis respec-
tively. No significant age difference was noted between RNRs
above the level of stenosis and those below the level of steno-
sis. However, no statistical correlation was observed among the
shape of the RNRs and the age (Table 2).

LCS was secondary to DDB in association with LFH in the
largest proportion of patients (94%), in association with FTH in

N (%)

Patient’s Demographics Female 122 (60.4) Male 80 (36.6)

Age Range (Years) 42-85 36-88
LFH' 118 (96.7) 74 (92.5)
DDB? 119 (97.5) 79 (98.7)
FH? 54 (44.3) 29 (36.2)
SPON* 119 2 (2.5)

'LFH: ligamentum flavum hypertrophy.
2DDB: diffuse disc bulge.

3FJH: facet joint hypertrophy.
*SPOND: spondylolisthesis.

41.1% of the patients, and in association with spondylolisthesis
in 6.4% of them (Table 3). None of the degenerative changes
resulting in LCS showed significant statistical correlations with
either the shape or location of the RNRs.

The degree of stenosis was estimated using the Lee et al.
grading system'' and only the level at which the RNRs were
present was taken into consideration. Further, 65.8% of the
patients had severe spinal canal stenosis, 28.7% had moderate
stenosis, and the remaining 5.5% had only mild canal stenosis.

In this study, 46.5% of the patients had multilevel stenosis,
and it was noted that the most cranial stenotic level was closely
related to the development of RNRs. Stenosis was most com-
monly present at the L3-L4 and L4-L5 levels, and it was least
commonly observed at the L5-S1 level.

Neither the multiplicity nor the degree of stenosis exhibited
significant statistical correlations with either the shape or
location of the RNRs (Table 4).

The patients’ follow-up revealed that 18 of them had under-
gone decompression surgery, only 7 of the patients had post-
surgical imaging records, most of the other patients were lost
for follow up or refused surgery. Six patients underwent lami-
nectomy with transpedicular screws and 1 patient underwent
microdiscectomy. Four patients remained symptomatic post
surgery, in 2 of them; the RNRs disappeared on MRI, in
1 patient the location changed, and in another patient the shape
of the RNRs changed. The remaining 3 patients who became
symptom free post surgery, the RNRs were still observed on
their post operative MRI, in 1 patient only the shape of the
RNRs changed. Due to small sample size no statistical correla-
tion could be withdrawn.

Discussion

In our study, the following 2 distinctive morphological config-
urations of RNRs were noted: loop-shaped and serpentine-
shaped. The former was the most common and appeared in
56.4% of the patients, and the latter, in 43.6% of the patients.
Although the Yokoyama et al. study reported the serpentine-
shape to be the most common morphology,’ our findings are in
concordance with those of Poureisa et al.'?
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Table 4. Correlation Between the Degree and Multiplicity of the Lumbar Canal Stenosis With the Shape and Location of the RNRs. A p-Value of

<0.05 Was Considered Significant.

N (%)
Patient’s Clinical Characteristic Shape Location
Loop Serpentine  P-value Above Below Above & Below P-value

Degree of Stenosis 0.92 0.82

Mild 6 (5.3) 5(5.7) 10 (6.2) 0 (0.0) | (3.45)

Moderate 31 (27.2) 26 (29.6) 47 (29.2) 4 (333) 6 (20.7)

Severe 77 (67.5) 57 (64.8) 104 (64.6) 8 (66.7) 22 (75.9)
Number of Stenotic Levels 0.09 0.08

Single level 55 (27.2) 53 (26.2) 91 (45) 7 (3.5) 10 (5)

Multilevel 59 (29.2) 35 (17.3) 70 (31.5) 5(2.5) 19 (9:4)

On the studied images, 3 locations of the RNRs were noted
in relation to the level of stenosis: above the level of stenosis
(79.7%), below the level of stenosis (6%), and below and above
the level of stenosis (14.3%). In previously published data, the
RNRs located above the level of stenosis were also found to be
the most commonly occurring.>>'%!*>"'> When redundancy
was solely noted above the level of stenosis, the nerve roots
appeared normal in morphology below the stenotic level.

In our study, we found that age was a strong predictor factor
for the location of the RNRs which is in concordance with other
studies.>*!3:1%17 The oldest age groups was found among
patients with RNRs present above and below the level of ste-
nosis with severe secondary LSC and multilevel stenosis which
is expected in older age groups due to increased likelihood of
degenerative diseases.

Ehni et al. suggested that the reason behind the occurrence
of RNRs below the level of stenosis is that the nerve root
bundle below the level of stenosis is gripped by the spondylotic
pathology that tightly holds the nerve roots located above the
stenotic level, thereby allowing the nerve roots below to be
more loosely arranged.'® We believe that the presence of nerve
roots below and above the level of stenosis, mainly in the
elderly, is attributed to the excessive elongation of the nerve
roots within a tight spinal canal owing to a longer duration of
stenosis and to the occurrence of more severe degenerative
changes that allow for the nerve roots to be loose on both sides
of the stenosis.

In patients with multilevel canal stenosis, the redundancy
was noted to be above the most cranial stenotic level, this might
be explained by the fact that the nerve roots are fixed between 2
points: the conus medullaris and intraforaminal ganglia and by
the stensois caudally causing them to move within a tight con-
tainer and thus causing them to become redundant. In our
study, there was no significant statistical correlation between
the multiplicity and degree of stenosis and the occurrence of
RNRs opposed to the study conducted by Papavero et al.'’

In our study, the presence of degenerative changes was
attributed as being the cause of LCS; these changes were
observed to be mainly DDB with LFH in 94% of our patients
while 41.1% of them suffered from an additional change, FJH,

and 6.4% had associated spondylolisthesis. Our findings sup-
port the proposition of Hur et al. that suggests that LFH rather
than isolated intervertebral disc bulges is the major contribut-
ing factor to spinal canal stenosis that causes mechanical stress
on the nerve roots, eventually leading to their redundancy.?’

Long term repeated lumbar movements cause the nerve
roots that are forced out through the tight narrowing canal to
become elongated and thickened, eventually leading to tissue
damage and the severe impairment of the affected nerve roots
with a reduction in the number of nerve fibers associated with
demyelination, endoneurial fibrosis, and the proliferation of
Schwann cells as observed via histopathological studies.”?'
The results of electrophysiological studies revealed that there
was temporal dispersion of the action potentials and a delay in
sensory nerve conduction velocities indicating various degrees
of irreversible neuronal loss.>** The pathological changes
associated with the affected nerve roots are thought to be irre-
versible, thereby contributing to a low level of clinical
improvement in the patients following decompression surgery
regardless of the fact that the RNRs disappear on imaging
following surgery.?>'0-17-2!

In our study, only 18 patients underwent decompression
surgery, only 7 of the patients had post surgery MRI, in 5 of
them the RNRs remained present (2 of whom remained symp-
tomatic and 3 who became symptom free). Our findings are
consistent with other studies stating the persistence of RNRs in
patients’ post surgery MRI.>*

Four of the patients who had surgery remained sympto-
matic. In the 2 patients who underwent laminectomies with
transpedicular fixation screws, the RNRs disappeared on ima-
ging despite the fact that the patients remained symptomatic.
We speculate that the disappearance of the RNRs is due to the
alleviation of the severe canal stenosis that frees the nerve
roots, thereby allowing them to regain their normal morphol-
ogy. However, the persistence of symptoms is mostly attributed
to the irreversible damage to the nerve roots. Both these
patients were elderly individuals who suffered from a longer
duration of symptoms.

The RNRs of 1 patient whose symptoms subsided post-
microdiscectomy changed in morphology from serpentine- to
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loop-shaped. In 1 patient who underwent the same procedure,
the location of the RNRs changed although the symptoms per-
sisted. These observations may be the result of a change in the
intensity of the gripping force applied on the tight nerve roots
within the narrowed canal, which alters their morphology and
location. A larger number of patients with post surgery MRI
scans is essential to test any significant statistical correlation.

The results of the Yokoyama et al. study revealed that in
patients with loop-shaped RNRs, there was a statistically sig-
nificant correlation among the loop-shaped RNRs on MRI, the
persistence of the RNRs, and a relatively poorer post-surgical
clinical outcome.®> Most of the previous studies revealed no
significant statistical correlation in the post-surgical outcome
between patients with and without RNRs."*** In a study con-
ducted by Hacker et al., the total relief of symptoms were
observed postoperatively.'® However, none of the patients
exhibited complete recovery in a relatively long follow-up
study conducted by Pau et al.>> One patient was reported to
exhibit some level of recovery after receiving chiropractic
treatment.*

To date, the clinical significance of this condition remains a
controversy; some studies have observed a worst clinical out-
come in patients with RNRs post-surgery,'>***! and others
found no significant statistical correlations.**? Despite this
fact, we believe it is important to recognize this condition on
imaging because it alerts the surgeon to the possibility of the
nerve roots extruding out of the dura if a dural tear occurs at the
time of surgery in which case the surgeon must be prepared to
perform a potential duraplasty.'>* In addition, the presence of
RNRs and their various morphologies and locations may be
considered as prognostication factors in patients who undergo
medical and surgical treatments. Further studies with larger
numbers of patients is required.

We emphasize the importance of establishing a classifica-
tion system for RNRs to facilitate communication between the
radiologists and clinicians such as the ASED classification
system proposed by Papavero et al describing the allocation,
shape, extension, and direction of the RNRs.?’

The limitations of our study are the small number of patients
who underwent decompression surgery and whose images were
available for evaluation. Additionally, it was a retrospective
study, and the pain scores of the patients evaluated before and
after decompression surgery were not clinically recorded by the
authors.

In conclusion, RNRs are not an uncommon observation on
MRI. This condition is associated with variable degrees of
degenerative LCS, and the RNRs have distinctive morphologi-
cal configurations and locations in relation to the level of ste-
nosis. The effect of RNRs on the post-surgical clinical outcome
remains a debate. Therefore, further larger studies regarding
the contribution of the presence of RNRs on post-surgical out-
come is recommended to assess their importance. Nevertheless,
RNRs should be recognized on MRI, and radiologists should
report on the associated details. We emphasize the importance
of development of a classification system and a common lan-
guage that can be used among the radiologists and treating

surgeons and that place the emphasis on the shapes and loca-
tions of the RNRs in order to facilitate adequate surgical plan-
ning and to aid in determining the prognosis of the clinical
outcome in the future.
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