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ARTICLE

Cauda equina redundant nerve roots are
associated to the degree of spinal stenosis
and to spondylolisthesis

Associacao entre a presenca de raizes redundantes na cauda equina e a area seccional do
saco dural avaliada por meio de ressonancia magnética

Leonor Garbin Savarese’, Geraldo Dias Ferreira-Neto?, Carlos Fernando Pereira da Silva Herrero®,
Helton Luiz Aparecido Defino®, Marcello H. Nogueira-Barbosa’

ABSTRACT

To evaluate the association of redundant nerve roots of cauda equina (RNRCE) with the degree of lumbar spinal stenosis (LSS) and with
spondylolisthesis. Method: After Institutional Board approval, 171 consecutive patients were retrospectively enrolled, 105 LSS patients and
66 patients without stenosis. The dural sac cross-sectional area (CSA) was measured on T2w axial MRI at the level of L2-3, L3-4 and L4-5
intervertebral discs. Two blinded radiologists classified cases as exhibiting or not RNRCE in MRI. Intra- and inter-observer reproducibility
was assessed. Results: RNRCE were associated with LSS. RRNCE was more frequent when maximum stenosis<55 mm?. Substantial
intra- observer agreement and moderate inter-observer agreement were obtained in the classification of RNRCE. Spondylolisthesis was
identified in 27 patients and represented increased risk for RRNCE. Conclusion: LSS is a risk factor for RNRCE, especially for dural sac
CSA<55 mm?. LSS and spondylolisthesis are independent risk factors for RNRCE.
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RESUMO

Avaliar associagdo entre raizes nervosas redundantes da cauda eqlina (RNRCE) com grau de estenose do canal lombar (ECL) e
espondilolistese. Método: Apds aprovacao do Comité de Etica, 171 pacientes foram selecionados retrospectivamente, 105 com ECL e 66 sem
estenose. Foram realizadas mensuracoes da area seccional do saco dural em imagens axiais de RM ponderadas em T2 em L2/L3, L3/L4 e L4/
L5. Presenca ou nao de RRNCE foi classificada de forma independente por dois radiologistas, as cegas. Concordancia intra e inter-observador
foi analisada. Resultados: RNRCE foi associada a ECL e foi mais freqiente quando a méaxima estenose encontrada foi <55mm?. Houve grande
concordancia intra-observador e moderada inter-observador na classificacdo das RRNCE. Espondilolistese foi identificada em 27 pacientes e
representou maior risco para desenvolvimento de RNRCE. Conclusao: ECL é fator de risco para RNRCE, especialmente com areas seccionais
<55mm?. ECL e espondilolistese representam fatores de risco independentes para desenvolvimento de RNRCE.

Palavras-chave: ressonancia magnética, raizes nervosas, cauda equina, estenose espinhal, espondilolistese.

Redundant nerve roots of the cauda equina (RNRCE) are
characterised in magnetic resonance images (MRIs) of the
lumbosacral spinal cord by the presence of elongated and
tortuous nerve roots with a serpiginous or coiled appearance
and near an area of spinal canal stenosis"*****"%, The literat-
ure describes this entity in association with degenerative
spinal canal stenosis (Figure 1). It is believed that the
acquired elongation of the nerve roots is due to a chronic
compression force at the level of the lumbar spinal stenosis

(LSS)®. This condition is not a new or separate disease but
may be part of the natural evolution of lumbar canal
stenosis.

The recognition of RNRCE in diagnostic imaging is espe-
cially important for avoiding the misdiagnosis of other dis-
eases, such as arteriovenous malformations’. The reported
prevalence of RNRCE varies, with some researchers deter-
mining prevalence values of 33.8% to 42% in patients with

spinal canal stenosis™".
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Figure 1. (A) 51-year-old female. Saggital T-weighted MR image
shows a normal distribution of the nerve roots of the cauda
equine without serpiginous roots. (B) 62-year-old male.
Saggital T2-weighted MR image shos lumbar spine degenera-
tive changes, spinal canal stenosis at L3-L4 and L4-L5, and
spondylolisthesis at L3-L4. Redundant nerve roots in the
cauda equine are illustrated (arrow).

Two recent studies have revealed that patients with a
diagnosis of RNRCE by MRI exhibit more severe clinical
symptoms in terms of leg pain, paresthesia, and the ability
to walk, and show little improvement in their walking ability
following decompression surgery compared with patients
who do not have RNRCE'". Although the results of these
studies suggest that RNRCE has clinical significance, this
condition has been relatively under-recognised in radio-
logical practice.

The purpose of this study was to evaluate the association
of RNRCE with the degree of spinal stenosis as measured by
MR, as well as the association of RNRCE with spondylolisth-
esis. We hypothesised that the degree of lumbar spinal sten-
osis and the presence of spondylolisthesis could represent
risk factors for developing RNRCE.

METHOD

This retrospective study was approved by the Research
Ethics Committee in the University Hospital (HCRP 7108/
2010). Consecutive patients undergoing routine MR scans
of the lumbosacral spine between 01/01/2009 and 05/31/2010
was selected for potential inclusion in the study group.

The inclusion criterion for the stenosis group was a
dural sac CSA<100 mm’ in at least one measured level
Patients undergoing MRI for other diseases without a dia-
gnosis of spinal canal stenosis and with CSA measurement
=100 mm” at all levels were included in the control group.
The exclusion criteria for both groups were the following:

1) prior spine surgery, 2) congenital spinal canal stenosis,
3) fractures, 4) neoplasms, 5) ankylosis, 6) inflammatory/infec-
tious diseases, 7) myelopathy or 8) patients who have under-
gone spinal interventions such as epidural injection or
myelography.

A total of 184 patients were diagnosed with lumbar canal
stenosis; 105 patients met the inclusion criterion, and 79
patients were excluded because they met at least one of
the exclusion criteria. One hundred and forthy one consec-
utive patients did not exhibit any evidence of spinal stenosis
in the routine lumbar spine MR scans. Sixty-six of these
patients were included in our study control group, and the
remaining 75 patients were excluded because they met at
least one of the exclusion criteria. Finally, the study group
comprised 171 patients (105 with lumbar spine stenosis
and 66 patients without stenosis).

The cross-sectional area (CSA) of the dural sac was meas-
ured in axial T2-weighted images at the level of the interver-
tebral disc spaces L2-L3, L3-L4 and L4-L5 in each patient
(Figure 2). The quantitative evaluation of the CSA was per-
formed on MINC (Medical Imaging NetCDF) format images
at a workstation with the software Display (McConnel
Imaging Centre - McGill University, Montreal, Canada).

The presence or absence of RNRCE was classified sepa-
rately and independently by two blinded observers based
on sagittal T2-weighted images. The observers were a senior
spine surgeon and a musculoskeletal radiology fellow. The
cases of disagreement between these two observers were
analysed by a senior musculoskeletal radiologist with more
than 15 years in musculoskeletal radiology and 12 years
experience reading spine MRIs. These final classification
was used for the statistical analysis.

The same senior musculoskeletal radiologist classified
the presence or absence of spondylolisthesis blinded to the
other results.

Chi-square test was used to determine whether there was
an association between two variables. Additionally, the PROC
LOGISTIC procedure was used to calculate the raw odds

Figure 2. Axial T2-weighted images at the L2-L3 level showing
the highlighted segmentation.
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Table 1. Description of the behaviour of the following variables: age; cross-sectional area measured at the level of L2-L3, L3-
L4, and L4-L5; and maximum stenosis for the groups with and without redundant nerve roots.

784

0,
Group FIEEENEE @F ElEEETEe N Variable Mean 95%Cl SD Minimum  Median  Maximum
of redundancy LL UP

Control No 60 Age 43.83 39.83 47.84 15.5 9 43.5 80
L2/L3 19779  188.37  207.21  36.46 118.43 196.52 319.5
L3/L4 172.27 163 181.54  35.88 103.71 168.91 32013
L4/L5 169.9 157.41 182.38  48.34 101.01 160.13 359.65

Yes 6 Age 5817 50.82 65.51 7 47 59 67
L2/L3 205.64 153.08 25819  50.08 157.98 193.25 29773
L3/L4 169.95 115.9 224 51.51 110.08 16313 265.43
L4/L5 19255  96.08 289.01  91.92 112.46 167.32 363.87

Stenosis No 62 Age 53.06 49.15 56.98 15.43 17 54 82
L2/L3 13742 12792  146.92 3742 7477 136.67 219.29
L3/L4 11118  102.32  120.03  34.88 34.36 110.84 192.74
L4/L5 73.75 66.31 8118 29.28 21.42 71.27 178.43
Max. stenosis 68.31 62.84 73.79 21.56 21.42 70.81 98.86

Yes 43 Age 61.67 5777 65.58 12.68 28 62 89
L2/L3 129.62 11711 14213  40.66 28.45 130.93 203.25
L3/L4 85.23 73.44 97.02 38.3 21.34 85.47 167.87
L4/L5 62.37 53.38 71.35 2919 16.7 61.56 131.55
Méx. stenosis 51.28 44.25 58.31 22.85 16.7 50.05 99.54

Cl: Confidence interval; SD: Standard deviation; LL: Lower limit; UP: Upper limit.

ratio in each case. Statistical significance was stablished for a
p-value less than 0.01.

To assess intraobserver and interobserver variability in
interpreting the images for the RNRCE, kappa coefficient
were used to measure the degree of agreement between
the readers. A kappa value of 0.41-0.60 indicated moderate
agreement, a value of 0.61-0.80 indicated high agreement,
and a value of 0.81-1,00 indicated almost perfect agree-
ment'*'*'"®. Simple and multiple logistic regression models
were used to control for or to consider the existence of con-
founding factors'®
software (Cary, NC, USA) was used for these analyses.

because the response was binary. SAS

RESULTS

Forthy three of the 105 patients included in the spinal
canal stenosis group were classified as having RNRCE,
whereas 62 patients were classified as not having RNRCE,
based on the independent assessment of the senior radiolo-
gist. Sixty of the 66 patients included in the control group
did not have RNRCE, whereas 6 patients were classified as
having this abnormality (Table 1).

The frequency of redundant nerve roots in the sample of
individuals with lumbar stenosis was 41% and in the control
group was 9% (Table 2).

Using the chi-square test, our study confirmed the asso-
ciation between the presence of stenosis and the presence or
absence of redundancy (p<<0.01). The calculated odds ratio
revealed that the group of patients with spinal canal stenosis
were 6.94 times more likely to have RNRCE than were the
subjects in the control group (95%CI 2.75-17.49).

The chi-square test revealed an association between the
maximum level of stenosis and the presence or absence of
redundancy (p<<0.01) (Table 3). The threshold of 55 mm?
for the CSA of the dural sac was the one most associated
with risk of RNRCE.

The calculated odds ratio showed that the group of
patients that the dural sac CSA at the point of maximum sten-
osis measured <55 mm?® were 4,40 times more likely to have
RNRCE than were the group of subjects with a maximum sten-
osis >55 mm® (95%CI 1,91;10,14). There was a higher fre-
quency of redundancy in the sample of individuals with
severe stenosis according to dural sac CSA measurements.

There was a moderate interobserver agreement in the
analysis for the presence or absence of redundancy, with a

Table 2. Association between the presence of stenosis and the presence of redundancy (significance level, p<<0.01).

Presence or absence of redundancy (Ref = yes)

Group Total p-value* 0dds Ratio (95%Cl)
No Yes

Control 60 6 66 <0.01 ref
91% 9% 100%

Stenosis 62 43 105 6.94 (2.75;17.49)
59% 41% 100%

Total 122 49 171
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Table 3. Association between maximum stenosis and the presence of redundancy (significance level, p<0.01).

Presence or absence of redundancy (Ref = yes)

Max. stenosis (in mm?) Total p-value* 0dds Ratio (95%Cl)
No Yes
<b5 16 26 42 <0.01 4,40 (1.91;10.14)
38.1% 61.9% 100%
>b5 46 17 63 Ref
73.02% 26.98% 100%
Total 62 43 105

Table 4. Association between the presence of spondylolisthesis and the presence of redundancy (significance level, p<0.01).

Redundancy 95%CI
Spondylolisthesis Total p-value Raw Odds Ratio (yes X no) Raw p-value
No Yes LL UP
No 110 34 144 <0.01 4.04 173 9.47 <0.01
76.39% 23.61% 100%
Yes 12 15 27
44.44% 55.56% 100%
Total 122 49 171

LL: Lower limit; UP: Upper limit.

kappa value of 0.58 (95%CI 0.46-0.69). The observers agreed
on 136 (79%) of the 171 cases.

There was a high intraobserver agreement, with a kappa
value of 0.77 (95%CI 0.66-0.88). The observers were consist-
ent in 155 (90%) of the 171 cases.

The evaluation using the chi-square test indicated an
association between the presence or absence of spondylo-
listhesis and the presence or absence of redundancy
(p<<0.01) (Table 4).

The calculated odds ratio indicated that the group of
patients who had spondylolisthesis were four times more
likely to exhibit redundancy compared with the group of
patients without spondylolisthesis (95%CI 1.73-9.47).

Simple logistic regression model was used to calculate
the raw odds ratio, which confirmed that the stenosis group
was seven times more likely to exhibit redundancy com-
pared with the control group. In addition, the spondylolisth-
esis group was four times more likely to exhibit redundancy
than the group without spondylolisthesis.

Using a multiple logistic regression model, the adjusted
odds ratio was calculated, indicating that the stenosis group
was 6.4 times more likely to exhibit redundancy compared
with the control group, and the spondylolisthesis group

was 3.5 times more likely to exhibit redundancy than the
group without spondylolisthesis.

Because the interpretations of the odds ratio did not
change for the other variables, we can state that spondylo-
listhesis does not affect the relationship between the group
"presence or absence of stenosis” and redundancy, and that
the group "presence or absence of stenosis” does not affect
the relationship between spondylolisthesis and redundancy
(Table 5).

DISCUSSION

RNRCE is a relatively common finding on MRI of the lum-
bar spine in patients with spinal canal stenosis (Figure 3). Our
study statistically confirmed the association between the
presence of spinal canal stenosis and redundant nerve roots.
Although this association is not new in the literature, pre-
viously published studies were either based on case series
or did not have a control group"***>¢101117,

In our study, patients with spinal canal stenosis had a
higher likelihood of exhibiting RNRCE compared with the
group of patients According to

without stenosis.

Table 5. Adjusted logistic regression for the variables stenosis and spondylolisthesis. The effect that the variable presence of
stenosis exerts on the variable presence of spondylolisthesis was controlled (significance level, p<0.01).

Crude Regression

Adjusted Regression *

Variables Raw Odds 95%Cl Crude Adjusted Odds 95%Cl Adjusted
Ratio LL UP p-value Ratio* LI LS p-value *

Group (stenosis x control) 6.94 2.75 17.49 <0.01 6.39 2.50 16.34 <0.01

Spondylolisthesis (yes x no) 4.04 1.73 9.47 <0.01 3.46 1.40 8.57 <0.01

* Adjusted for the variables group and spondylolisthesis. LL: Lower limit; UP: Upper limit.
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Figure 3. 64-year-old female, with neurogenic claudication. (A) Saggital T2-weighted MR image shows the degenerative changes
and disc herniations with special canal stenosis at L3-L4 and L4-L5 (arrows). The cauda equine nerve roots exhibit a wavy
orientation (arrow heads). Spondylolisthesis is also present at L5-51. (B) Axial T2-weighted MR images at the height of L4-45
shows the degenerative changes, especially the thickening of the yellow ligaments. (C) Axial T2-weighted MR images in the above-
described stenoids provides evidence for serpiginous and slightly thickened nerve roots (arrow heads).

Suzuki et al, RNRCE is most likely the pathological result
of a chronic compression force at the level of spinal canal
stenosis®. This study with histopathologic evaluation iden-
tified nerve fibers degeneration and neuronal loss due to
continuous mechanical compression of the nerve roots,
which were confined in the narrowed spinal canal.

Furthermore, patients with the smaller dural sac CSAs at
the point of maximum stenosis had an increased risk of
developing RNRCE. A higher percentage of redundancy
was encountered in the group of patients who had greater
spinal canal stenosis. A possible explanation for this finding
would be that the more constricted the spinal canal, the
more the nerve roots will suffer and thicken, acquiring a
redundant aspect on MRI.

Suzuki et al. examined a group of 130 patients with
severe canal stenosis (with complete or incomplete blocking
of contrast on myelogram) divided into two groups based on
the presence or absence of redundancy'. The degree of sten-
osis was divided into complete or incomplete blockage, and
the degree of the constriction was significantly correlated
with the presence of RNRCE. However, the study design
yielded a naturally biased sampling because only patients
who had a severely constricted spinal canal were included.

Ono et al. examined 44 cases with stenosis secondary to
spondylolisthesis at L4-L5, in which a myelogram revealed
complete blockage of the canal'®. The dural sac CSA at the
point of maximum stenosis was measured and no statistically
significant difference was found between the groups that were
analysed. However, the same study demonstrated selection
bias because only patients with severe stenosis and complete
blockage of the canal in the myelogram were included.

Min et al. examined 68 patients who underwent decom-
pressive laminectomy and divided them into two groups

Arg Neuropsiquiatr 2014;72(10):782-787

based on the presence or absence of redundancy. Patients
with instability or spinal canal stenosis at multiple levels
were excluded". This study did not report a significant cor-
relation between the degree of stenosis and the prevalence of
RNRCE, but there were two important limiting factors. First,
related to the methodology, since the researchers measured
stenosis via the anteroposterior diameter in the MRI and not
via the dural sac CSA. The CSA measurements of the dural
sac have previously been emphasised as the best option for
studying spinal canal stenosis'®'®*’. CSA measurements via
MRI yield a high interobserver reproducibility”’. The second
limitation is related to patient selection bias, since in that
study only patients who were undergoing surgery for spinal
canal decompression were evaluated.

Our study has some limitations. It was a retrospective
study and the clinical correlation was not available. This pre-
vents us from making conclusions about the clinical man-
agement of patients with RNRCE. Also, the assessment of
the stenosis degree was determined from static MR scans
obtained from patients in a supine position rather than in
a standing position. This is not expected to be a great prob-
lem since most often MRI in the supine position is able to
identify lumbar stenosis.

We objectively assessed the full lumbar spinal canal stenosis
by measuring the CSA of the dural sac. Furthermore, our sam-
ple consisted of patients with at least one measurement less
than 100 mm? which is in contrast with the sampling of pre-
vious studies that consisted of patients who always exhibited
severe stenosis, underwent decompression surgery, or had a
complete contrast blockage that was visible on myelogram.
To our knowledge, this study is the first to demonstrate a stat-
istically significant association between the presence of redund-
ant nerve roots and the degree of spinal canal stenosis.



Our results demonstrated the association between spon-
dylolisthesis and the presence of redundancy; patients with
spondylolisthesis had a higher risk of RNRCE compared with
patients without spondylolisthesis. Spinal canal stenosis and
spondylolisthesis were shown to be independent risk factors
for the presence of RNRCE.

In conclusion the results of this study indicate that lum-
bar stenosis identified using dural sac CSA measurements by
MRI is a risk factor for RNRCE, especially for a lumbar dural
sac CSA<<50mm”. Based on our results, lumbar stenosis and
spondylolisthesis represent independent risk factors for the
development of RNRCE.
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